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SOIL  VARIATION  AND  SAMPLING  INTENSITY 
UNDER  RED  PINE  AND  ASPEN  IN  MINNESOTA 


David  H.  Alban 


Many  soil  properties  are  extremely 
variable,  even  within  small  areas.   Knowing 
the  amount  of  this  variation  is  necessary 
for  accurate  soil  characterization  and  for 
better  planning  of  studies  to  evaluate 
effects  of  land  management  on  soils. 

Agricultural  soil  variability  has  been 
studied  to  a  limited  extent,  but  little  is 
known  about  variability  of  forest  soils, 
and  no  data  have  been  published  on  proper 
sampling  intensity  in  northern  Lake  States 
forest  soils.   Some  information  on  red  pine 
(Pinus  resinosa   Ait.)  plantation  soil  vari- 
ability in  the  northeastern  United  States 
has  been  published  (Mader  1963)  ,  but  no 
such  data  are  available  for  aspen  (Populus 
tremuloides   Michx.). 

The  main  objective  of  this  paper  is 
to  describe  spatial  soil  variation  so  that 
the  proper  number  of  samples  to  collect 
can  be  determined.   In  addition,  some  infor- 
mation is  presented  on  seasonal  variation 
and  laboratory  analysis  variation. 


STUDY  AREAS 

Three  red  pine  and  three  trembling 
aspen  stands  in  northern  Minnesota  were 
sampled  in  July  1972.   The  red  pine  stands 
ranged  in  age  from  49  to  72  years  and  the 
aspen  22  to  44  years.   All  stands  were 
fully  stocked  (basal  area  =  90  to  200 
ft^/acre).   The  presence  of  charcoal  in  the 
forest  floor  of  all  stands  but  the  lack  of 
tree  fire  scars  or  scorched  bark  indicated 
past  fires  but  no  recent  ones. 

All  stands  are  on  level  to  gently 
sloping  land  with  relatively  uniform  sur- 
face topography,  typical  of  red  pine  and 
aspen  sites  in  Minnesota.   The  soils  de- 
veloped from  glacial  till  or  outwash 
sands  and  include  Chisholm,  Hiwood, 
Faunce,  Menahga,  and  Zimmerman  soil 
series.   The  surface  soil  textures  are 
loamy  sand  to  sandy  loam,  and  are  gen- 
erally finer  in  aspen  than  in  red  pine 
stands. 


More  detail  about  the  soils  and  tree 
stands  on  the  study  areas  are  presented  in 
the  Appendix  (table  2).   The  methods  of 
field  sampling  and  laboratory  analysis  are 
detailed  in  the  Appendix,  page  5. 

RESULTS  AND  DISCUSSION 
Soil  Properties  on  Study  Plots 

The  soils  studied  exhibit  a  wide 
range  in  some  properties  but  a  limited 
range  in  others  (Appendix,  table  2).   For 
example,  mineral  soil  pH  and  bulk  density 
do  not  differ  greatly  from  plot  to  plot, 
whereas  many  other  properties  commonly 
differ  by  a  factor  of  three  or  more  from 
one  plot  to  another.   Most  soil  properties 
are  similar  in  both  red  pine  and  aspen 
stands,  especially  in  the  Hiwood  soil 
series  which  supports  both  types.   The 
greatest  differences  between  species  are 
in  Ca  and  Mg  content,  both  of  which  are 
higher  under  aspen  in  the  forest  floor 
and  in  two  cases  much  higher  in  the  10  to 
40  inch  layer. 

Most  red  pine  and  aspen  stands  we  have 
examined  in  Minnesota  occur  on  soils  with 
characteristics  which  fall  within  the 
ranges  reported  in  the  Appendix,  table  2. 
Therefore  the  number  of  samples  to  collect 
as  recommended  later  in  this  paper  are 
expected  to  be  applicable  to  most  red  pine 
and  aspen  stands  in  Minnesota.   Rocky, 
organic,  or  clay  soils  may  be  exceptions. 
But  because  no  other  information  is  avail- 
able, the  recommendations  given  may  be  used 
as  rough  guidelines  for  these  kinds  of 
soils.   Sampling  of  these  soils  should  be 
followed  by  statistical  analysis  (Appendix, 
page  5  )  to  verify  the  applicability  of 
the  guidelines. 

Number  of  Samples 

The  basic  statistic  used  to  compare 
variability  of  different  soil  properties 
is  the  coefficient  of  variation  (ev) 
(Appendix,  table  3),   It  is  used  to  com- 


pute    the  number   of  samples  needed   to  esti- 
mate   the  mean   of   a  given  soil  property 
within   specified   limits    of   confidence.      The 
method  of   calculating  n   is    detailed   in   the 
Appendix,    page  5. 

Soil  nutrients    tend   to  be  more   vari- 
able   than   soil  physical  properties   or  pH. 
For  example,   in  mineral  soil,  bulk  density, 
pH,    and  sand   content    can  be   estimated  with 
just   a   few  samples,   whereas    other  proper- 
ties   (particularly   P,    Ca,    and  Mg)    require 
many  more    (Appendix^  Fig.    1   and   table    4). 
This    corroborates    results    from  both 
agricultural   soils    (Beckett   and  Webster 
1971)    and   other   forest   soils    (Ike   and 
Clutter   1968,   Metz  e^  al .    1966). 

For   the   soil  properties   examined   there 
was  no  statistical   difference   in    the  mean 
number  of   samples  needed  between   red  pine 
and   aspen,    or  between    the    two   layers    of 
mineral  soil.      Therefore   for  each  property 
the  number  of   samples  needed   to  estimate 
the  mean  within   10  percent  was    calculated 
by   averaging   the  numbers    for  both  species 
and  both  soil    layers    (table    1).      The  pro- 
perties  break   into    four  groups    ranging   in 


sample  numbers  needed   from  2   for   the 
least  variable    to  60   for   the  most  variable. 
Soil  P   is  by   far   the  most  variable  soil 
property  whether  extracted  by   a  weak 
reagent    (0.01N  HC1)    or  a  stronger  reagent 
(Bray's   No.    1). 

These  numbers    do  not  mean   that    to 
estimate   soil  P,    for  example,    60  samples 
must  be    collected   and   analyzed  separately. 
The   60    collected  soil  samples    could  be 
composited  into   a  single   sample    for   labora- 
tory  analysis.      But   sometimes    it  may  be 
desired   to   compare    the  means   of   a  given 
soil  property   among  several  stands    or   in 
the   same   stand  before   and   after  some   kind 
of   treatment   such  as  burning.      Then   samples 
should  be   randomly   composited   into   a  mini- 
mum of   three  samples    for   laboratory   analy- 
sis.     This  will  allow  the  precision   of   the 
estimated  mean   to  be   determined,   and   thus 
allow  statistical   comparison  between  means 
(Appendix,   page   6    )• 

The  number   of   samples  needed   to  esti- 
mate  the  mean  of  several   forest   floor 
properties  within   10  percent  were 
calculated   for  each  of    the   six   stands 
samples    (table   1) . 


Table   1. — Soil  samples  needed  to  estimate   the  mean  of 
several  soil  properties!/   (the  mineral  soil  values 
are  applicable   to  both  red  pine  and  aspen  stands  and 
to  surface  soils  as  well  as  subsoils) 
(In  numbers) 


Soil  property 

Miners 

1  soil 

:   Forest 
:     (ave 

floor!/ 
rage) 

Ave  rage  . 

Proposed 
by  groups 

:  Aspen  : 

Red  pine 

Bulk  density 

Sand 

PH 

2 
2 
2 

2 

2 

2 

Silt  +  clay 
Nitrogen 
AH20 
Potassium 

18 

18 
26 
27 

25 

11 
22 

33 
29 

Calcium 
Magnesium 

41 
Al 

40 

25 
17 

50 
32 

Phosphorus  (Bray 
Phosphorus  (0.01N 

1) 
HC1) 

60 
61 

60 

23 

39 

Ovendry  weight 
Ash 

— 

— 

16 

9 

34 
42 

1/  Within   10  percent  of   the  mean  at   the   95  percent 
confidence   level.      To  estimate   the  number  of  samples  needed   to 
estimate   means  within   limits    other   than   ±   10   percent,   multiply 

the  n  values   by  10() .      For  example,    to   calculate 

(desired  percent)^ 
the  number  of  samples  needed  to  estimate  phosphorus   ±  20 


percent,   multiply 


60 


100 


=    15   samples. 


(20T2" 

2/  Forest   floor  nutrient  analysis  was   for  total  amounts 
rather  than   for  extractable   forms. 


Forest  floor  pH  under  either  species 
can  be  estimated  to  ±  10  percent  with  only 
two  samples  whereas  other  properties  re~> 
quire  more  intensive  sampling.   Most  pro- 
perties under  red  pine  require  30  to  50 
samples;  only  half  as  many  are  needed 
under  aspen.   This  is  in  sharp  contrast 
to  mineral  soil  where  species  differences 
were  minimal.   Other  unpublished  studies 
in  Minnesota  have  found  average  av's   for 
red  pine  forest  floor  weight  to  be  23 
percent  (50  stands)  and  for  aspen  16  per- 
cent (15  stands),  indicating  that  the 
species  difference  is  real.   Ovington 
(1954)  found  the  forest  floor  to  be  un- 
evenly distributed  over  the  ground  and, 
especially  under  conifers,  to  be  thick- 
est around  tree  boles.   Pine  needles, 
because  of  their  shape,  tend  to  disperse 
less  than  aspen  leaves  when  they  fall, 
and  to  be  moved  around  less  by  wind  after 
reaching  the  ground. 

Like  mineral  soil  samples,  all  forest 
floor  samples  can  be  composited  into  a 
single  sample  for  analysis,  or,  if  an 
estimate  of  the  precision  of  the  estimated 
mean  is  desired,  the  samples  can  be  ran- 
domly composited  into  a  minimum  of  three 
samples. 

The  time  involved  in  digging  even 
small  soil  pits  prompted  an  examination 
of  the  use  of  soil  sampling  tubes.   Small 
pits  for  sampling  surface  soils  can  be 
dug  and  sampled  in  2  to  3  minutes  each, 
but  tube  samples  can  be  collected  in  15 
to  30  seconds  each. 

As  a  general  guide,  soil  nutrients 
(except  N)  can  be  estimated  adequately 
with  about  twice  as  many  tube  as  pit  sam- 
ples (Appendix,  table  5).   For  other,  less 
variable  properties,  the  number  of  tube 
samples  should  be  the  same  as  for  pits. 

Tube  sampling,  of  course,  cannot  be 
effectively  used  in  rocky  soils  or  soils 
with  dense  root  concentrations.   Further, 
the  kinds  of  tubes  normally  used  for  sam- 
pling (Jackson  1958)  are  not  suitable  for 
collecting  bulk  density  samples,  so  this 
property  must  be  determined  separately. 

Seasonal  Variation 

Soil  properties  vary  not  only  spa- 
tially but  may  also  vary  seasonally. 
However,  seasonal  variation  is  nearly 
always  much  lower  than  spatial  variation 


(Cameron  et  al.  1971).   The  large  spatial 
variation  usually  obscures  any  seasonal 
effects  even  when  intensive  sampling  is 
used  (Ball  and  Williams  1968,  Frankland 
et  al.  1963). 

The  3  red  pine  stands  in  which  soil 
variability  was  measured  were  among  61 
stands  in  Minnesota  from  which  soil  sam- 
ples were  collected.   About  one-third  of 
the  61  stands  were  on  the  5  soil  series 
mentioned  earlier.   Nearly  all  of  the 
others  had  soil  properties  that  fell  with- 
in the  ranges  reported  in  table  2  (Appendix) 
Each  stand  was  sampled  only  once,  but  the 
sampling  of  the  61  stands  extended  through- 
out the  growing  season  (June  through  Octo- 
ber).  The  stands  were  sampled  in  a  ran- 
dom manner  such  that  each  month  was  repre- 
sented by  stands  scattered  throughout  the 
geographical  range  of  the  study.   The 
average  site  index  of  the  stands  was  not 
significantly  related  to  the  month  of 
sampling,  suggesting  that  stands  sampled 
in  each  month  represented  the  same  popu- 
lation. 


Statistical  analysis  (F  tests  of  the 
means)  showed  that  of  all  forest  floor  and 
mineral  soil  properties  tested  (pH,  N,  P, 
K,  Ca,  Mg,  Silt  +  clay,  and  AH20) ,  only  pH 
was  related  to  the  month  of  sampling.   And, 
although  the  seasonal  effects  on  pH  were 
significant,  the  actual  differences  were 
small.   For  example,  in  the  0  to  10  inch 
layer,  samples  collected  from  June  through 
October  had  average  monthly  pH  values  of 
5.64,  5.40,  5.51,  5.57,  and  5.31.   Soil  pH 
varies  less  than  most  soil  properties 
(Appendix,  table  3) ,  and  this  allows  the 
detection  of  seasonal  variation  that  for 
the  other  properties  is  masked  by  large 
spatial  variation. 

The  small  contribution  of  seasonal 
variability  to  the  total  variance,  as  in- 
dicated by  our  red  pine  data  and  the  lit- 
erature, means  that  sampling  throughout 
the  growing  season  will  result  in  only 
small  errors  for  the  properties  we  exam- 
ined.  However,  sampling  should  be  com- 
pleted before  leaf  fall  in  the  autumn 
because  major  changes  in  the  L  horizon 
of  the  forest  floor  occur  at  this  time. 

Laboratory  Analysis  Variation 

Laboratory  analysis  variation  is  usu- 
ally a  minor  component  of  total  soil  vari- 
ability (Jacob  and  Klute  1956)  ,  and  if  too 


large  can  usually  be  reduced  by  modifying 
the  procedure  or  by  running  more  dupli- 
cates.  In  the  present  study  each  analysis 
was  run  in  duplicate  or  triplicate,  allow- 
ing an  estimate  of  laboratory  variation. 
The  cv's   for  all  properties  were  less  than 
3  percent  and  for  pH  was  only  0.5  percent, 
clearly  showing  that  laboratory  variation 
contributes  little  to  total  soil  variation. 

Size  of  Area 

Large  areas  usually  have  greater  soil 
variability  than  small  areas  of  course, 
but  the  importance  of  area  size  may  easily 
be  overemphasized.   In  either  mineral  soil 
(Beckett  and  Webster  1971)  or  the  forest 
floor  (Frankland  e_t  al.  1963)  ,  a  large 
part  of  the  total  variance  occurs  within  a 
few  meters.   For  many  studies  summarized 
by  Beckett  and  Webster  (1971),  cv's    rarely 
more  than  doubled  from  small  plots  (<  than 
0.02  acre)  to  large  fields  (200  acres). 
Thus,  the  results  obtained  in  the  present 
study  (0.2  acre  plots)  could  be  utilized 
on  typical  forest  management  tracts  (areas 
less  than  40  acres)  with  little  likelihood 
of  serious  error,  if  major  differences  in 
soil  or  vegetation  types  do  not  exist  in 
the  area. 

SUMMARY  AND  CONCLUSIONS 
Some  soil  properties  are  much  more 
variable  than  others.   In  mineral  soil,  pH, 
bulk  density,  and  sand  content  are  rela- 
tively uniform  whereas  the  soil  nutrients 
are  more  variable.   There  is  little  dif- 
ference in  the  variability  of  the  mineral 
soil  under  aspen  and  under  red  pine,  or  in 
the  variability  of  the  surface  and  subsoil. 
Forest  floor  pH  varies  little.  All  other 
forest  floor  properties  vary  greatly,  and 
about  twice  as  many  samples  are  required 
under  red  pine  as  under  aspen  to  estimate 
the  mean  value  with  the  same  precision. 

Estimating  most  soil  nutrients  re- 
quired twice  as  many  samples  when  using 
a  cylindrical  sampling  tube  instead  of 
digging  small  soil  pits.   However,  for 
the  less  variable  soil  properties  (pH, 
particle  size,  and  available  water) 
sampling  with  tubes  or  pits  required 
about  the  same  number  of  samples. 

Laboratory  analysis  variation  is  a 
minor  component  of  the  total  soil  variance. 
Similarly,  seasonal  changes  in  the  soil 
properties  measured  are  minor  and  much  less 
important  than  spatial  variation.   This 
means  that  samples  can  be  collected  through- 
out the  growing  season  without  introducing 
major  sources  of  error. 


The  results  presented  are  directly 
applicable  to  small  plots  (0.2  acre),  but 
literature  reports  suggest  that  the  results 
can  be  extended  to  areas  of  40  acres  with 
little  likelihood  of  serious  error. 
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APPENDIX 

Methodology 

Field  Sampling 

In   each   of    three   red  pine    and   three 
aspen   stands    intensive   soil   sampling  was 
done   on   a  single    0.2    acre   plot.      Soil   sam- 
pling  points   were    located  systematically 
from   the   plot    center   along   the    cardinal 
directions.       If   a  sampling  point  occcured 
on   a   fallen    log   or   directly  beneath   a   tree 
bole,    the   point  was  moved  6    feet    to    the 
north.      A  detailed   review  of   soil  sampling 
methods    and   rationale   is    given  by  Petersen 
and   Calvin    (1965). 

On   each   of    the    three    red  pine   plots 
ten   1-foot   square   samples    of    the    forest 
floor  were    collected   and   10   soil  pits   dug 
directly   beneath   the   sampled    forest    floor. 
A  single   sample  was    collected    from  each  pit 
from   the   0   to   10   inch   layer   and   another   from 
the    10    to   40   inch   layer.      About    1   quart   of 
soil  was    removed    for   analysis    from  each 
layer;    the   sample  was    collected   from 
throughout    the    layer   and   from   all    four 
sides    of   the   pit.      The    three    aspen   plots 
were   sampled  similarly  except    that   six 
forest    floor   and   six   soil  pits  were   sam- 
pled per  plot. 

Soil  bulk   density    (Db)   was   measured 
from  only    two  pits   per  plot  because    of   ex- 
pected  low  variability.      From  each   pit 
three   bulk   density   samples   were    taken    (by 
the    core  method:      core   volume   =    140    cm^) 
from   the   0    to    10   inch   layer   and    three    from 
the    10    to   40   inch   layer. 


The   0    to   10    inch    layer  was    also   sam- 
pled  on   each   plot   using   a   1-inch   diameter 
cylindrical  sampling   tube   in   order   to   com- 
pare   the   variation   of   sampling  by    tubes 
with    that  by   soil  pits.      On  each  plot    10 
systematically   located   tube   samples,    each 
consisting   of   a   single    core    from   the   sam- 
pler,  were    collected. 

Laboratory  Analysis 

Forest    floor   samples  were   dried   at    70' 
C  and   ground   to  pass    a  20-mesh  screen. 
Separate   aliquots   of    the   ground   samples 
were:       (1)    analyzed   for  nitrogen  by   the 
Kjeldahl  method,    and    (2)    ashed   at    525°    C 
and  the   ash   dissolved   in   dilute   HC1. 
Calcium,   Mg,    and   K  were    determined   in    the 
dissolved   ash  by   atomic   absorption   spec- 


troscopy.  Phosphorus  was  determined 
colorimetrically. 

Mineral   soil   samples   were   air   dried, 
sieved    through   a   2   mm   screen   and    the   less 
than    2    mm  material    used    for   subsequent 
analysis.      The   material   greater   than   2   mm 
comprised    less    than   4  percent   of    the    total 
sample   weight.      Nitrogen  was    determined  by 
the   Kjeldahl  method.         Calcium,   Mg,    and  K 
were   extracted  with   IN  NH^OAc   and   deter- 
mined by   atomic   absorption.      Phosphorus  was 
extracted  with   0.01N_  HC1    (Alban    1972)    and 
Bray's    No.    1    reagent    (Bray    and   Kurtz    1945) 
and   determined   colorimetrically.      Particle 
size   analysis   was    done   by   hydrometer,    and 
available   water    (A   H^O)    was    estimated    from 
sieved   samples    as    the   difference   between 
water  held   at   0.1   and   15   bars    in   standard 
moisture    tension   apparatus. 

Standard   statistical   techniques  were 
used    to   derive    coefficients    of   variation 
{cv)    for   each  property   and    to    compute    the 
number   of   samples   needed   to   adequately   pre- 
dict   the   mean   of   each   property. 

Calculation  of  Number  of  Samples 

The  number  of  samples  needed  to  esti- 
mate the  mean  of  a  soil  property  is  cal- 
culated from  the  following  formula: 


n= 


t2(CV)2    , 

E2 


where:  n   =  The  number  of  soil  samples  to 
collect . 
CV   =  Coefficient  of  variation.   A 

measure  of  the  variation  in  the 
sample. 
E   =  A  specified  error  as  percent  of 
the  mean.   Most  often  is  soils 
work  the  error  is  specified  as 
10  percent  of  the  mean. 

t   =   A  statistic  dependent  on  the 
number  of  samples  and  on  the 
desired  level  of  confidence.   In 
soils  we  generally  work  at  the 
95  percent  confidence  level  and 
at  this  level  t   values  are  as 
follows: 


Samples 

t  value 

(No.) 

i 

4.3 

5 

2.8 

10 

2.2 

lrj 

2.1 

20 

2.1 

Beyond  20  samples  t   stays  constant  at  about 
2.   For  most  soil  sampling  problems  we  can 
assume  t=2.0  with  only  minor  errors  intro- 
duced. 

Example. — To  calculate  the  number  of 
samples  needed  to  estimate  the  mean  of  soil 
K  within  10  percent  at  the  95  percent  confi- 
dence level  for  the  0  to  10  inch  soil  layer; 

CT=0.19  Appendix  table  2 
£"=0,10  Specified  error 
t=2.0        Assumed  value 


(2.0)2(0.19)2 


=14  samples 


(0.10)" 

Calculation  of  the  Precision  of  the  Mean 

Assume  that  60  soil  samples  have  been 
collected  from  the  0  to  10  inch  layer  in  a 
red  pine  stand  as  recommended  in  table  1  in 
order  to  estimate  soil  P.  The  samples  were 
randomly  composited  into  three  samples  for 
laboratory  analysis  which  resulted  in  soil 
P  values  of  105,  110,  and  115  pounds  per 


acre,  or  an  average  soil  P  value  of  110 
pounds  per  acre.   To  estimate  the  precision 
of  the  mean  use  the  following  equation: 

Mean  soil  P  value  ±  (t)  (standard  error) 

where:   t=4.3  (with  n=3,  and  at  the  95  per- 
cent confidence  level) 


/ 


Z  (x-x)2 


standard 

error=      n   -  1 


\fT 


I (105-110) 2+(110-110) 2+ 
V  3-1 


(115-110) 2 


/r 


2.88, 


therefore 
soil  P-110j(4.3)(2.88)  or 

110-12  pounds  per  acre. 


Table  2. — Stand,   site,   and  soil  characteristics  for  three  red  pine  and 
three  trembling  aspen  stands  in  Minnesota 


FOREST    FLOOR 


: 

Oven- 

Species   and 
soil   series 

:    Age 

:    SI 

pH 

N 

P 

K 

Ca 

Mg 

dry 
weight 

:Ash: 

Bulk 
density 

Clay 

Silt 

Sand 

AH20 

1,000 

Per- 

Yr. 

Ft. 

Ib/aare  -   ■ 

lb/acre 

cent 

q/arrfi 

-  Percent 



Red  pine 

Menahga 

49 

60 

4.7 

396 

36 

54 

ijii 

45 

45 

43 

Zimmerman 

50 

57 

4.3 

267 

22 

30 

146 

24 

27 

27 

Hiwood 

72 

57 

4.5 

421 

IK 

v. 

140 

54 

54 

40 

Aspen 

Hiwood 

40 

;i 

5.4 

546 

19 

Mi 

'.«  ) 

74 

62 

61 

Chisholm 

22 

m 

5.2 

691 

1; 

77 

717 

77 

64 

53 

Faunce 

44 

64 

6.0 

616 

18 

53 

a  wo 

97 

44 

y> 

Average 

both 

s  p e  cies 

46 

65 

5.0 

490 

26 

53 

V<M 

62 

49 

43 

MINERAL   ! 

in 

10 

INCHES) 

Red   pine 

Menahga 

5.5 

1,002 

1^106(574) 

112 

88] 

83 

2,870 

1.29 

5 

8 

8  7 

6 

Zimmerman 

5.4 

1,221 

131(675) 

126 

908 

9  I 

2,920 

1.31 

4 

9 

87 

6 

Hiwood 

5.1 

1,462 

29(542) 

12  3 

t.4  7 

86 

2,850 

1.28 

s 

26 

69 

12 

Aspen 

Hiwood 

5.3 

1,446 

120(550) 

147 

878 

117 

2,780 

1.25 

6 

2D 

74 

14 

Chisholm 

5.3 

918 

70(229) 

107 

702 

73 

3,050 

1.37 

8 

23 

8  9 

16 

Faunce 

5.7 

1,600 

39(179) 

152 

1 

,600 

22-4 

3,030 

1.36 

6 

7 

87 

6 

Average 

both 

species 

5.4 

1,275 

82(458) 

128 

9  36 

11  f 

2,920 

1.31 

6 

15 

7  9 

10 

MINERAL   SOIL    (10 

TO 

40 

INCHES) 

Red  pine 

Menahga 

5.4 

814 

155(339) 

271 

1 

,938 

271 

9,690 

1.45 

4 

1 

95 

2 

Zimmerman 

5.6 

996 

493(1,158) 

2«5 

1 

,983 

237 

9,490 

1.42 

4 

2 

94 

3 

Hiwood 

5.0 

1,263 

381(743) 

177 

1 

,747 

362 

9,290 

1.39 

3 

22 

75 

10 

Aspen 

Hiwood 

5.8 

1,328 

589(944) 

2  99 

1 

,552 

224 

9,350 

1.40 

4 

13 

83 

11 

Chisholm 

5.5 

2,161 

892(157) 

1 

,112 

16 

,990 

4,248 

10,490 

1.57 

2  2 

34 

44 

14 

Faunce 

7.3 

1,746 

81(283) 

373 

19 

,575 

1,352 

10,090 

1.51 

6 

2 

92 

2 

Average 

both 

species 

5.8 

1,385 

432(604) 

420 

7 

,298 

1,116 

9,730 

1.46 

7 

12 

81 

7 

1/      First   value    is   P   extracted  with  O.OIN^HCI.      Value    in  brackets    Is   P  extracted  with   Bray's   No.    1   solution. 


Table   3. — Coefficients  of  variation  of  forest  floor  and  mineral  soil 
properties  under  red  pine  and  aspen 


FOREST    FLOOR 


:  Oven- 

Silt 

Sample 

pH 

N 

P 

K 

Ca 

:  Mg 

:   dry 

Ash 

.'   Bulk 

•  Sand 

+ 

AH20 

identification 

:  weight 

.  density 

Clay 

Red  pine 

Menahga 

5.6 

20 

)1 

21 

41 

32 

30 

30 

Zimmerman 

4.4 

24 

22 

20 

20 

19 

24 

19 

Hiwood 

3.4 

31 

2S 

30 

29 

23 

24 

34 

Average 

4.5 

2  5 

27 

2  4 

30 

25 

2  6 

23 

Aspen 

Hiwood 

2.7 

8 

8 

8 

13 

8 

14 

8 

Chisholm 

2.8 

17 

2  b 

24 

16 

19 

17 

6 

Faunce 

3.1 

9 

12 

13 

23 

15 

11 

15 

Average 

2.9 

11 

15 

15 

17 

14 

14 

10 

Average 

both 

species 

3.7 

18 

21 

19 

24 

19 

20 

19 

MINERAL 

SOIL 

(0  TO  10 

INCHES) 

Red  pine 

Menahga 

4.6 

7 

20 

19 

34 

23 

6.7 

2.5 

17 

12 

Zimmerman 

3.0 

13 

15 

17 

24 

16 

1.3 

2.4 

15 

23 

Hiwood 

4.8 

18 

41 

24 

30 

34 

4.9 

5.3 

12 

16 

Average 

4.1 

12 

26 

2  0 

29 

24 

4.3 

3.4 

15 

17 

Aspen 

Hiwood 

5.9 

9 

31 

20 

85 

32 

5.7 

4.8 

14 

9 

Chisholm 

2.9 

9 

24 

20 

16 

20 

2.8 

8.9 

19 

14 

Faunce 

5.6 

20 

39 

15 

28 

15 

4.2 

2.5 

17 

26 

Average 

4.8 

13 

31 

18 

26 

22 

4.2 

5.4 

17 

16 

Average 

both 

species 

4.5 

13 

28 

19 

28 

24 

4.3 

4.4 

16 

17 

MINERAL 

SOIL 

(10  TO  40 

INCHES) 

Red  pine 

Menahga 

3.5 

15 

25 

21 

29 

45 

4.8 

1.2 

22 

24 

Zimmerman 

1.3 

19 

2  5 

18 

17 

11 

5.2 

1.5 

23 

35 

Hiwood 

5,8 

23 

37 

30 

2  6 

31 

2.5 

3.0 

9 

8 

Average 

3.5 

19 

29 

23 

24 

2  9 

4.2 

1.9 

18 

22 

Aspen 

Hiwood 

5.9 

14 

42 

17 

24 

24 

2.2 

4.2 

20 

12 

Chisholm 

7.4 

19 

18 

27 

8 

22 

3.7 

8.5 

7 

12 

Faunce 

1.1 

30 

41 

27 

34 

28 

0.8 

2.0 

24 

37 

Average 

4.8 

21 

34 

24 

22 

25 

2.2 

4.9 

17 

20 

Average 

both 

species 

4.2 

20 

31 

23 

23 

27 

3.2 

3.4 

18 

21 

Table  4. — Mineral  soil  samples  needed  to  estimate  mean  ±  10  percent  at 
95  percent  confidence   level 
(In  numbers) 


0  TO  10 

INCHES 

Species  and 
soil  series 

!  PH 

:  N 

:  P 

:(0.1N 
:  HCl) 

:   P 
.Bray 
1 

s:  K  i 

Ca 

:  Mg 

:  Bulk   ; 
:density : 

Sand 

:  Silt 

:  + 
:  clav 

AHo0 
2 

Red  pine 

Menahga 

1 

2 

21 

11 

18 

60 

28 

3 

1 

14 

8 

Zimmerman 

1 

8 

12 

11 

16 

30 

13 

1 

1 

11 

28 

Hiwood 

1 

16 

87 

68 

28 

45 

60 

2 

1 

7 

12 

Aspen 

Hiwood 

1 

6 

38 

83 

25 

18 

27 

1 

5 

25 

12 

Chisholm 

2 

6 

74 

69 

26 

80 

66 

2 

2 

13 

5 

Faunce 

2 

26 

103 

20 

16 

51 

16 

1 

1 

19 

45 

Mean  both 

species 

1 

11 

56 

44 

22 

47 

35 

2 

2 

15 

18 

10 

TO  40 

INCHES 

Red  pine 

Menahga 

1 

12 

32 

44 

22 

42 

105 

2 

1 

25 

30 

Zimmerman 

1 

19 

32 

86 

16 

15 

6 

2 

1 

29 

63 

Hiwood 

2 

28 

80 

121 

44 

36 

49 

1 

1 

4 

3 

Aspen 

Hiwood 

4 

23 

21 

58 

49 

4 

32 

1 

6 

3 

9 

Chisholm 

2 

12 

120 

67 

18 

39 

39 

1 

1 

26 

10 

Faunce 

1 

62 

111 

84 

48 

77 

50 

1 

1 

37 

89 

Mean  both 

species 

2 

26 

66 

77 

33 

36 

47 

1 

2 

21 

34 

Table  5, — Soil  samples  collected  from  pits 
or  tubes  necessary   to  estimate  mean  of 
soil  property  ±10  percent   (at  95 
percent  level)   in   the   0  to  10  inch   layer 
of  mineral  soil 

(In  numbers) 


Soil 
property 

Pits 

Tubes 

Difference 

of 

means 

:  Me  an" 

:   Ran 

ge 

Meani' 

:   Ran 

ge 

pH 

1 

1 

- 

2 

2 

1 

- 

4 

1 

N 

11 

2 

- 

26 

13 

6 

- 

2  4 

2 

P  (0.01N  HCl) 

56 

12 

- 

103 

116 

31 

- 

281 

60 

K 

22 

16 

- 

2H 

39 

22 

- 

75 

17 

Ca 

47 

30 

- 

80 

62 

9 

- 

147 

15 

Mg 

35 

16 

- 

66 

57 

4 

- 

168 

22 

Silt  +  clay 

15 

7 

- 

25 

10 

3 

- 

17 

-5 

Sand 

2 

1 

- 

5 

1 

1 

- 

2 

-1 

AH20 

18 

5 

- 

45 

22 

5 

- 

62 

4 

1/      The   mean   of   three   red  pine   and   three   aspen   stands. 
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Figure   1. — Number  of  mineral  soil  samples  needed  to  estimate  mean   ±  10 
percent  at  9%  percent  confidence   level.      The  extent  of  each  bar 
represents   the  minimum  and  maximum  of  three  sites,   and  the  horizontal 
line   through  each  bar  indicates   the  mean  of  all   three  sites. 
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PLANTING  METHODS  AND  TREATMENTS  FOR  BLACK  WALNUT  SEEDLINGS 


Robert  D.  Wil liams 


Survival  of  planted  black  walnut 
seedlings  usually  has  been  good  but  early 
growth  has  been  poor,  especially  during 
the  planting  year.   Black  walnut  seed- 
lings planted  on  good  sites  and  given 
adequate  weed  control  normally  grow  well 
during  the  second  and  succeeding  years, 
but  very  few  grow  the  first  year;  in 
fact,  many  die  back.   In  an  effort  to  get 
walnut  seedlings  to  grow  faster,  earlier, 
we  planted  different  size,  1-  and  2-year- 
old,  pruned  and  unpruned  seedlings  by 
various  methods  on  forest  and  field  sites. 
Results  from  four  experimental  plantings 
show  that  planting  method  has  little 
effect  on  survival  or  early  growth  of 
black  walnut  seedlings. 


2.  Fertilizer— 3  oz  of  8-32-8  per 
tree.   One  oz  was  applied  in  the  planting 
hole,  and  2  oz  were  broadcast  in  a  culti- 
vated, 3-f t-diameter  circular  area  around 
each  tree  a  month  later. 

3.  Simazine — 4  lb  of  80  percent  wet- 
table  powder  per  acre  applied  in  a  4-ft 
cultivated  strip  with  the  seedlings 
planted  in  the  center  of  the  strip. 

4.  Fertilizer  plus  simazine — applied 
as  indicated  for  treatments  2  and  3. 

Ten  combinations  of  planting  methods, 
seedling  age  and  size,  and  seedling  prun- 
ing treatments  were  assigned  at  random  to 
ten  10-tree  rows  within  each  of  the  4 
planting  spot  treatments  in  each  of  the  4 
blocks: 


The  study  was  begun  in  1964  with  a 
planting  on  a  cleared-forest  site  in 
southern  Indiana.   Supplemental  plantings 
were  established  in  succeeding  years  on 
open-field  sites  in  southern  Illinois. 


CLEARED-FOREST  SITE 

Methods 

The  cleared-forest  planting  site  was 
prepared  by  clearcutting  an  opening  on  the 
lower  half  of  a  forested,  north-facing 
slope  in  southern  Indiana.   Walnut  seed- 
lings were  planted  no  closer  than  75  ft  to 
the  trees  on  the  perimeter  of  the  opening. 
Except  for  some  large  cull  logs  left  by 
the  loggers,  stems  and  tops  were  removed 
from  the  planting  area.   Stumps  smaller 
than  12  in.  in  diameter  were  treated  with 
an  herbicide  to  control  sprouting.   With 
the  exception  of  a  planting-year  simazine 
treatment  on  some  plots,  competition  was 
not  controlled. 

Four  planting  spot  treatments  were 
randomly  assigned  in  each  of  four  contigu- 
ous blocks  on  the  cleared-forest  area: 

1.   Check — no  treatment. 


Planting  methods 

10/32  In.  Seedling  Diameter!/ 

Mattock  slit:   8-in.  root  planted  to 

root  collar. 
Hole: ±i      12-in.  root  planted  to  root 

collar. 
Hole:   12-in.  root,  deep  planted  4  in. 

above  root  collar. 
Hole:   8-in.  root  planted  to  root  collar. 
Hole:   8-in.  root,  deep  planted  4  in. 

above  root  collar. 
Hole:   8-in.  root,  1-in.  top,  planted  to 

root  collar. 

16-18/32  In.  Seedling  Diameter 

Hole:   12-in.  root  planted  to  root 

collar. 
Hole:   12-in.  root,  deep  planted  4  in. 

above  root  collar. 
Hole:   8-in.  root  planted  to  root 

collar. 
Hole:   8-in.  root,  1-in.  top,  planted 

to  root  collar. 


±/  One  inch  above   the  root  collar. 

=J   Holes  for  the  center  hole  method 
were  dug  with  a  planting  mattock. 


Seedlings  planted  on  the  cleared- 
forest  site  were  grown  at  the  now  aban- 
doned Clark  State  Nursery  in  Southern 
Indiana. 


The  smaller  seedlings  survived  as  well 
as  the  larger  seedlings,  but  the  larger    ^/ 
seedlings  were  taller  after  4  yr  (table  1) .— 


Fourth-Year  Results 

Planting  method  had  little  effect  on 
fourth-year  survival  or  growth  (table  1). 
Regardless  of  the  planting  method  used, 
survival  was  good  and  height  growth  was 
poor.   Poor  height  growth  may  be  attributed 
to  lack  of  weed  control. 


Fertilization  reduced  survival  and 
height  growth.   Average  fourth-year  sur- 
vival ranged  from  74  percent  for  fertilized 


£/  Robert  D.  Williams.  Plant  large 
black  walnut  seedlings  for  best  survival 
and  growth.  Cent.  States  For.  Exp. 
CS-38.      1965. 


Stn. 


Table  1. — Fourth-year  survival  and  height  by  planting  method  and 
planting  spot  treatment  on   the  cleared- forest  site 


10/32  INCH  DIAMETER  SEEDLINGS 

Planting  method 
and  seedling  size 

Planting  spot  treatment 

:     Check 

:    Simazine 

:   Fertili 

zer 

:  Fert.  + 

Sim. 

: Survival 

Height 

Survival 

Height 

Survival: 

Height 

: Survival 

Height 

Percent 

Feet 

Percent 

Feet 

Percent 

Feet 

Percent 

Feet 

Mattock  slit, 

8  in.  root, 

normal 

90 

3.2 

9  5 

4.4 

80 

3.0 

80 

4.1 

Center  hole, 

12  in.  root 

normal 

92 

3.0 

98 

4.4 

88 

3.0 

90 

3.4 

Center  hole, 

12  in.  root. 

deep 

92 

3.0 

80 

3.9 

65 

2.4 

65 

3.1 

Center  hole, 

8  in.  root, 

normal 

85 

3.4 

98 

3.9 

68 

2.2 

70 

3.2 

Center  hole, 

8  in.  root, 

deep 

98 

3.0 

l)2 

3.3 

75 

2.5 

88 

4.6 

Center  hole, 

8  in.  root, 

1  in.  top 

92 

2.8 

95 

4.1 

70 

2.5 

62 

3.6 

16-18/32  INCH  DIAMETER  SEEDLINGS 

Center  hole, 

12  in.  root, 

normal 

92 

3.9 

92 

4.8 

70 

3.4 

90 

4.3 

Center  hole, 

12  in .  root 

deep 

98 

3.5 

90 

4.0 

65 

3.5 

80 

4.5 

Center  hole, 

8  in.  root, 

deep 

92 

3.8 

92 

4.4 

78 

3.8 

82 

4.6 

Center  hole, 

8  in.  root, 

1  in.  top 

95 

3.5 

95 

3.5 

82 

3.5 

88 

4.5 

Average 

of  all 

planting  methods 

93 

3.3 

93 

4.0 

74 

3.0 

80 

4.0 

seedlings  to  93  percent  for  those  not  fer- 
tilized (table  1).   Mean  height  was  3.0  ft 
for  the  fertilized  seedlings  and  4.0  ft 
for  those  that  received  the  simazine  weed 
control  treatment,  either  alone  or  in  com- 
bination with  fertilization. 

The  harmful  effects  of  fertilizing 
walnut  seedlings  at  planting  time  may  be 
due  either  to  the  more  vigorous  overtopping 
vegetation  stimulated  by  the  fertilizer,  or 
to  the  "burning"  of  seedling  roots  that 
come  in  direct  contact  with  the  fertilizer 
applied  in  the  planting  hole.   Mortality 
was  high  in  the  fertilizer-plus-simazine 
spots  but  growth  was  not  suppressed,  indi- 
cating that  root  burn  was  the  most  likely 
cause  of  mortality  in  the  fertilized 
spots. 

Simazine  alone  did  not  increase  sur- 
vival over  that  of  the  check  spots  but  con- 
trolling weeds  did  increase  growth. 


With  the  exception  of  the  2-0  seed- 
lings planted  in  1965,  planting  methods 
were  the  same  for  the  three  open-field 
plantings : 


Description 
1965,  1966,  and  1967  Plantings— 1-0  Seed- 


lingsjjV 
Bar-slit: 

collar. 
Auger  hole 

collar. 
Bar-slit: 

collar. 
Auger  hole 

root  collar. 
Auger  hole:   12-in.  root,  deep  planted 

to  6  in.  above  root  collar. 
Bar-slit:   8-in.  root,  3-in.  top, 

planted  to  root  collar. 
Auger  hole:   8-in.  root,  3-in.  top, 

planted  to  root  collar. 


8-in.  root,  planted  to  root 
8-in.  root,  planted  to  root 

12-in.  root,  planted  to  root 
12-in.  root,  planted  to 


OPEN-FIELD  PLANTINGS 

Methods 

Three  open-field  plantings  were  es- 
tablished on  bottomland  sites  on  the  Kas- 
kaskia  Experimental  Forest  in  southern 
Illinois  in  1965,  1966,  and  1967.   The 
sites  were  plowed  and  disced  before  plant- 
ing and  competing  vegetation  was  controlled 
by  mechanical  and  chemical  methods  during 
the  4-yr  course  of  the  studies. 

Seedlings  for  the  open-field  plantings 
were  grown  at  the  Jasper-Pulaski  State 
Nursery  in  northern  Indiana. 

In  1965,  10/32-in. -diameter  1-0  seed- 
lings and  14/32-in. -diameter  2-0  seedlings 
were  planted.   Roots  of  the  10/32-in.  seed- 
lings were  pruned  to  10  in.  and  those  of 
the  14/32-in.  2-0  seedlings  were  pruned  to 
14  in.  before  planting. 

In  1966  and  1967  only  1-0  seedlings  in 
the  8/32-in. -diameter  class  were  planted. 
Some  of  the  seedlings  planted  in  1967  were 
infected  with  a  root  rot  disease,  and 
several  died  soon  after  planting.   These 
and  seedlings  killed  by  an  early  spring 
flood  were  replanted  by  the  assigned 
methods  May  17,  1967. 


1965  Planting— 2-0  Seedlings!/ 

Auger  hole:   14-in.  root,  planted  to 

root  collar. 
Auger  hole:   14-in.  root,  3-in.  top, 

planted  to  root  collar. 
Auger  hole:   14-in.  root,  deep  planted 

6  in.  above  root  collar. 


1966  and  1967  Plantings — 1-0  Seedling: 


Al 


Bar-slit: 

to  1  in 
Bar-slit: 

to  1  in 

collar. 
Auger  hole:   8-in 

sheared  to  1  in 

to  root  collar. 


-in.  root,  laterals  sheared 
planted  to  root  collar, 
-in.  root,  laterals  sheared 
3-in.  top,  planted  to  root 


root,  laterals 
,  3-in.  top,  planted 


The  seedlings  were  planted  with  planting 
bars  or  in  holes  bored  with  a  tractor- 
mounted,  9-in. -diameter  auger. 


i/  1-0  seedlings  planted  in  1965   were 
10/32-in.    diameter;   1-0  seedlings  planted 
in   1966  and  1967  were   8/32-in.    diameter. 

5/  2-0  seedlings  planted  in  1965  were 
14/32-in.    diameter. 


In    1965   and   1966,   each   planting   treat- 
ment was   randomly  assigned   to   six  10-tree 
rows   in  each  block.      Only   five   10-tree 
rows   of  each  planting   treatment  were  planted 
in   1967. 

In   1966,   excessive  spring  rains   and 
summer  drought    combined  to  kill  many  of   the 
seedlings  planted   that  year.      Rainfall  in 
April  was   8.85   in.    and  in  May   7.10   in., 
while   rainfall   in  June   and   July  was   only 
1.53     and  0.89   in.,    respectively. 

Fourth-Year  Results 

Survival  was  related  more  to  the  year 
of  planting  than  to  planting  treatment 
(table  2) .   Survival  of  seedlings  planted 
in  1965  and  1967  by  bar  or  in  auger  holes 
was  about  the  same.   However,  in  1966  more 
bar-planted  trees  survived  than  trees 
planted  in  auger  holes.   Survival  was  re- 
duced when  secondary  seedling  roots  were 


sheared  to  1  in.  before  planting.   The  2-0 
seedlings  planted  in  1965  did  not  survive 
any  better  than  the  1-0  seedlings,  even 
though  roots  of  the  2-0  seedlings  were  4  in. 
longer.   Top  pruning  had  little  effect  on 
survival.   Deep  planting  did  not  improve 
survival  or  growth.   In  fact  survival  of 
deep-planted  seedlings  was  only  22  percent 
in  1966,  poorest  of  any  treatment  in  the 
open-field  plantings. 

Height  and  diameter  differences  among 
planting  treatments  were  not  consistent. 
However,  4-year-old  bar-planted  trees 
in  1966  and  1967  did  show  a  height  advan- 
tage (table  2) . 


DISCUSSION  AND  CONCLUSIONS 

Results  on  the  cleared-forest  site 
and  the  open-field  sites  should  not  be 
compared  directly  because  the  plantings 


Table  2. — Fourth-year  survival 3   height >   and  diameter  of  three  open- 
field  plantings  on   the  Kaskaskia 


Planting  method 
and  seedling  size 

Year  planted 

1965 

1966 

1967 

: Survival 

: Height 

:  DBH 

: Survival 

Height 

DBH 

: Survival 

Height 

.  DBH 

Percent 

Feet 

Inches 

Percent 

Feet 

Inches 

Pe 

rcent 

Feet 

Inches 

Bar,  8  in.  root 

97 

10.3 

1.4 

80 

9.9 

1.4 

84 

10.6 

1.4 

Hole,  8  in.  root 

100 

11.3 

1.6 

62 

9.5 

1.4 

94 

10.4 

1.2 

Bar,  12  in.  root 

94 

9.7 

1.3 

7(i 

10.1 

1.4 

96 

12.4 

1.8 

Hole,  12  in.  root 

100 

8.9 

1.2 

4/ 

8.7 

1.3 

92 

10.6 

1.3 

Hole,  12  in.  root, 

deep  planted 

94 

9.0 

1.2 

22 

9.4 

1.4 

76 

9.4 

1.1 

Bar,  8  in.  root 

(3  in.  top) 

92 

8.9 

1.2 

68 

9.8 

1.5 

82 

10.7 

1.4 

Hole ,  8  in .  root 

(3  in.  top) 

95 

9.6 

1.6 

52 

9.3 

1.3 

92 

10.7 

1.2 

Hole,  2-0 

100 

9.7 

1.2 

Hole,  2-0,  3  in.  top 

93 

11.6 

1.5 

Hole,  2-0,  deep  plantec 

87 

10.5 

1.4 

Bar,  8  in.  root  (sheare 

d) 

5  2 

9.3 

1.2 

7  8 

10.8 

1.4 

Bar,  8  in.  root  (3  in. 

top, 

sheared) 

72 

9.8 

1.4 

74 

11.4 

1.4 

Hole,  8  in.  root  (3  in. 

top, 

sheared) 

47 

10.0 

1.4 

74 

11.0 

1.3 

were  made  in  different  years,  at  widely 
separated  locations  with  seedlings  grown 
at  different  nurseries.   Also,  competing 
vegetation  was  controlled  on  the  open- 
field  sites,  but  not  on  the  cleared-forest 
site.   The  greater  height  growth  on  the 
open-field  sites  does  indicate  the  value 
of  weed  control. 


Deep-planted  seedlings  survived  and 
grew  about  as  well  as  those  planted  at 
normal  depth,  but  no  better.   So,  because 
deep  planting  takes  more  time,  and  there's 
a  possibility  of  root  rot  with  no  apparent 
benefits,  we  must  recommend  normal-depth 
planting. 


On  the  cleared-forest  site  where  weeds 
were  not  controlled,  fertilization  re- 
duced survival  and  growth  of  the  planted 
trees.   Seedling  roots  probably  were 
burned  by  the  fertilizer  salts  that  were 
placed  in  the  planting  hole,  but  it  was 
apparent,  too,  that  competing  weeds, 
stimulated  by  the  fertilizer,  suppressed 
some  walnut  seedlings.   Evidently,  wal- 
nut seedlings  should  not  be  fertilized 
at  planting  time. 


Two-year  results  from  a  more  recent 
planting-methods  study  showed  that  seed- 
lings planted  by  machine  survive  and  grow 
as  well  as  those  planted  by  other  methods. 
However ,  it  was  necessary  that  a  man  follow 
the  machine  to  straighten  the  stems  and 
firm  the  soil  around  the  seedling  roots. 
Our  experience  with  machine  planting  is 
limited  to  this  one  planting.   So  even 
though  survival  and  growth  of  machine- 
planted  trees  were  satisfactory,  the 
method  should  be  tested  in  other  years, 
at  other  locations,  and  on  different  size 
seedlings  before  machine  planting  can  be 
recommended  for  planting  black  walnut. 


Stmazine  used  in  combination  with 
fertilizer  did  not  adequately  control 
the  weeds  and  woody  vegetation  stimu- 
lated by  fertilization;  however,  sima- 
zine  alone  and  in  combination  with  fer- 
tilization increased  tree  height. 
Results  from  weed-control  studies  have 
shown  that  tree  growth  was  increased 
most  when  the  herbicides  were  applied 
annually  for  at  least  2  yr.— '   On  the 
cleared-forest  site,  simazine  was  applied 
only  once — immediately  after  planting — 
so  weed  control  was  not  adequate. 


There  were  no  clear-cut  differences 
in  survival  or  growth  among  planting 
methods.   However,  in  1966,  when  early 
spring  rains  were  excessive,  bar-planted 
trees  survived  better  than  those  planted 
in  auger  holes.   It  seems  likely  that 
water  accumulated  in  the  auger  holes  and 
drowned  the  newly  planted  seedlings. 
These  results  indicate  that  bar  planting 
usually  should  be  preferred  to  auger 
planting  because  bar  planting  is  faster 
and  cheaper. 


6/  John  E.    Krajicek  and  Robert  D. 
Williams.      Continuing  weed  control  benefits 
young  planted  black  walnut.      USDA  Forest 
Serv.    Res.    Note  NC-122,   3  p.      North  Cent. 
For.    Exp.    Stn. ,   St.    Raul,   Minn.      1971. 


Stem  pruning  black  walnut  seedlings 
before  planting  had  little  effect  on 
survival  or  mean  height.   This  suggests 
that  seedling  stems  could  be  pruned  at 
the  nursery  to  make  packing  and  shipping 
of  the  faster  growing,  large  diameter 
seedlings  less  difficult. 


Two-year-old  seedlings  did  not  survive 
or  grow  any  better  than  1-0  seedlings.   Al- 
though the  added  expense  to  produce  2-0 
seedlings  is  not  justified,  nurserymen  need 
not  hesitate  to  carry  surplus  1-0  stock 
another  year. 


Shearing  secondary  roots  of  black  wal- 
nut seedlings  caused  a  small  decrease  in 
survival,  so  shearing  is  not  recommended. 


These  results  indicate  that  the  best 
planting  method  for  black  walnut  is  the 
one  most  convenient  for  the  planter  as 
long  as  it  is  compatible  with  the  type  of 
planting  stock.   The  planting  method  can 
vary  according  to  the  equipment  on  hand, 
the  size  and  topography  of  the  site,  the 
soil  condition  and  existing  vegetation  on 
the  site,  and  the  size  of  the  planting 
stock. 


PESTICIDE  PRECAUTIONARY  STATEMENT 

This  publication  reports  research  in- 
volving pesticides.   It  does  not  contain 
reconmendations  for  their  use,  nor  does  it 
imply  that  the  uses  discussed  here  have 
been  registered.   All  uses  of  pesticides 
must  be  registered  by  appropriate  State 
and/or  Federal  agencies  before  they  can  be 
recommended. 

CAUTION:   Pesticides  can  be  injurious 
to  humans,  domestic  animals,  desirable 
plants,  and  fish  or  other  wildlife — if 
they  are  not  handled  or  applied  properly. 
Use  all  pesticides  selectively  and  care- 
fully.  Follow  recommended  practices  for 
the  disposal  of  surplus  pesticides  and 
pesticide  containers. 
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SITE  INDEX  PREDICTION  TABLES  FOR  BLACK,  SCARLET, 
AND  WHITE  OAKS  IN  SOUTHEASTERN  MISSOURI 

Robert  A.  McQuilkin 


APPLICATION 


Site  index  prediction  tables  were  pre- 
pared for  black,  scarlet,  and  white  oak 
from  stem  analyses  of  741  sectioned  trees. 
These  tables  were  specifically  designed  to 
predict  site  index  given  tree  height  and 
age,  and  thus  differ  from  conventional  site 
index  curves ,  which  show  height  growth  by 
age  and  site  index. 

Confidence  intervals,  derived  from  the 
same  data,  show  the  range  within  which  the 
true  mean  stand  site  index  is  expected  to 
fall  for  the  number  of  trees  measured,  the 
age  of  the  trees,  and  the  probability  lev- 
el. 

To  estimate  the  site  index  of  an  even- 
aged  oak  stand: 

1.   Delineate  a  stand  that  is  rela- 
tively uniform  in  site  index  and  tree  age. 

.  2.   Determine  the  number  of  sample 
trees  needed  for  the  desired  precision 
from  table  1  or  2 . 

3.   Select  as  sample  trees  only 
straight,  undamaged  dominant  or  codominant 
trees  that  show  no  sign  of  past  suppress- 
ion. 

(Sample  trees  should  be  similar  in  age 
(i.e.  ,  differences  less  than  5  years)  to 
the  trees  immediately  surrounding  them. 
Current  research  shows  that  trees  older  or 


younger  than  those  around  them  have  differ- 
ent height  growth  patterns  and  thus  indi- 
cate erroneous  site  indexes.   These  age 
differences  are  sometimes  difficult  to 
detect  without  increment  borings  because, 
unless  the  age  differences  are  large,  the 
trees  tend  to  be  similar  in  size  and 
appearance  to  the  surrounding  trees.   To 
ensure  that  they  are  similar  in  age  to  the 
trees  around  them,  sample  trees  should  be 
taken  in  randomly  located  groups  of  2  or  3. 
Age  differences  betueen  groups   are  not 
important. ) 

4.  Measure  tree  height  and  breast- 
height  age;  add  2  years  to  breast-height 
age  to  get  total  age. 

5.  Keep  sample  trees  separate  by  the 
three  species;  if  all  sample  trees  are  of 
one  species,  calculate  the  average  height 
and  age  and  read  the  site  index  from  table 
3  or  4.   If  the  sample  trees  are  of  more 
than  one  species,  conversions  should  be 
made  and  all  site  indexes  expressed  as 
equivalent  site  index  of  one  species  before 
averaging.   For  most  areas,  black  oak  is 
the  best  standard  site  index  species  to 
use.   Conversions    between  species  may 

be  made  as  follows : 

Black  oak  SI  =  Scarlet  oak  SI  -  3. 
Scarlet  oak  SI  =  Black  oak  SI  +  3. 
Black  oak  SI  =  White  oak  SI  +  4. 
White  oak  SI  =  Black  oak  SI  -  4. 


Table   1. — Confidence  intervals  for  stand 
site  index  estimates  from  3-,    5-}   10- 3 
and  20-tree  measurements  at  the  90  and 
95  percent  probability   levels  for  black 
and  scarlet  oak  at  ages   10  to  80  years 


90 

PERCENT  PROBABILITY 

n 

Age  (years) 

10 

20  : 

30 

:   40  :   50  : 

60 

.   70 

80 

3 

±12 

±10 

±8 

±6    ±4 

'5 

±7 

±7 

5 

±7 

±5 

±4 

±3    ±3 

±3 

±4 

±4 

10 

•4 

3 

t3 

±2    ±2 

•2 

±2 

±2 

20 

±3 

*2 

±2 

±1    ±1 

±1 

±2 

±2 

95 

PERCENT  PROBABILITY 

3 

±17 

±14 

±12 

±8    +7 

±8 

±10 

±11 

5 

±9 

±7 

±6 

±4    ±3 

'4 

±5 

±5 

10 

-:> 

•4 

±3 

±2    ±2 

±2 

±3 

±3 

20 

±3 

±3 

•2 

±2    ±1 

•1 

'2 

±2 

Table   2. — Confidence  intervals  for  stand 
site  index  estimates  from  Z-,   5-}   10-, 
and  20-tree  measurements  at  the   90  and 
95  percent  probability   levels  for  white 
oak  at  ages   10  to   80  years 


90 

PERCENT  PROBABILITY 

n 

Age  (years) 

10 

20 

30  :   40  :   50  : 

60 

:   70 

.   80 

3 

±9 

±8 

±7    ±5     +4 

±5 

±6 

±5 

5 

±5 

±5 

±4    ±3    ±2 

±3 

±3 

±3 

10 

±3 

±3 

±2     ±2    ±1 

±2 

±2 

±2 

20 

±2 

t2 

±2     ±1    ±1 

±1 

±1 

±1 

Mr, 

PERCENT  PROBABILITY 

3 

±14 

±12 

±10    ±8    ±6 

+  7 

±9 

±8 

5 

±7 

±6 

±5    ±4    ±3 

±4 

±4 

±4 

10 

±4 

±4 

±3    ±2    ±2 

±2 

±2 

±2 

20 

±3 

±2 

±2    ±1    ±1 

±1 

±2 

±1 

The   confidence   intervals    (tables   1  and 
2)   show  the   range  within  which   the   true 
(but  unknown)   mean  stand  site   index  is  ex- 
pected  to   fall  at   the   given  probability 
level.      For  example,    if   the  average  height 
of   five   30-year-old  white   oak   trees   is   38 
feet,    the  estimated  site   index  is   55   feet 
(table   4),    and   the   90  percent   confidence 
interval  is   ±   4   feet    (table   2).      Thus   the 
true  mean  stand  site   index  is   expected 
(with  a  90  percent  probability)    to   fall 


within   the   range   55+4   feet,   but  may    (with 
a  10  percent  probability)    fall  above   or 
below   this   range. 


Caution  must  be   exercised   in  predict- 
ing site   indexes  based   on  very  young   trees 
because   of   the   great  variation  in   tree 
heights   at  young  ages.      This  variability 
is   shown   in    the   confidence   intervals   of 
tables   1  and  2. 
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Site  quality  in  even-aged  oak  stands 
is  usually  expressed  as  site  index — the 
height  of  the  dominant  and  codominant  trees 
at  age  50.   Unless  the  trees  are  exactly  50 
years  old,  making  direct  measurements  of 
site  index  on  standing  trees  requires  an 
accurate  method  of  determining  past  or 
future  50-year  heights  from  heights  at 
ages  other  than  50.   This  determination  is 
normally  made  with  site  index  curves,  which 
show  the  height/age  patterns  of  trees  of 
various  site  indexes.   Properly  constructed, 
such  curves  do  accurately  show  height 
growth  patterns,  but  the  use  of  these 
curves  is  not  the  most  accurate  method  of 
determining  site  index.   Because  of  this, 
we  recently  developed  "site  index  predic- 
tion tables"  for  three  oak  species  (black, 
Queraus  velutina   Lam.;  white,  Q.    alba   L. ; 
and  scarlet,  Q.    ooocinea   Muenchh.)  in 
southeastern  Missouri  from  measurements  of 
several  hundred  trees.   This  is  how  we  did 
it. 

Tree  Selection 

All  study  trees  were  located  on  the 
Clark  and  Mark  Twain  National  Forests.   Of 
the  741  trees  used,  399  were  black  oak,  276 
were  white  oak,  and  66  were  scarlet  oak. 

Trees  were  chosen  from  well  stocked, 
even-aged,  second  growth  oak-hickory  and 
oak-pine  stands.   The  trees  were  dominants 
or  codominants  at  least  50  years  old  and 
showed  no  growth  suppression  or  damage  by 
fire,  insects,  or  disease.   All  trees  were 
single-stemmed,  although  trees  with  acute- 
angle  forks  in  the  tops  were  accepted.   The 
trees  were  located  on  upland  sites  that 
differed  widely  in  soil  and  topographic 
characteristics . 

Stem  Analysis 

The  trees  were  felled  and  sectioned  at 
4-  or  8-foot  intervals  from  the  stump  to 
the  top  of  the  tree.   Height  above  ground 
and  the  number  of  annual  rings  were  deter- 
mined at  each  cutting  point. 

Because  tree  age  for  site  index  deter- 
minations is  usually  measured  at  breast 
height,  most  study  trees  were  also  section- 
ed at  4-1/2  feet  so  the  difference  between 
total  age  and  breast-height  age  could  be 


determined.   As  a  result,  total  age  was 
reckoned  to  be  breast-height  age  plus  2. 

Age  at  each  cutting  point  was  deter- 
mined by  subtracting  the  ring  count  at 
that  point  from  the  total  tree  age. 
Height-age  data  for  each  tree  were  then 
plotted  on  a  height/age  graph  from  which 
the  heights  of  the  trees  at  10-year  inter- 
vals were  determined. 

These  10-year  heights  were  then  cor- 
rected for  a  slight  inherent  bias.   The 
ring  counts  gave  age  at  a  specific  height; 
however,  the  total  height  at  a  given  age 
would  be  slightly  greater  than  that  shown 
because  the  cut  presumably  occurred  some- 
where in  the  middle  of  the  height  growth 
for  that  year.   So,  half  the  average  annual 
height  growth  at  that  age  was  arbitrarily 
added  to  the  10-year  heights  to  obtain 
corrected  heights  (Carmean  1972). 

Statistical  Analysis 

Tree  height/age/site  index  data  can  be 
analyzed  by  using  height  growth  functions 
or  site  index  prediction  functions.   These 
two  methods  produce  basically  different 
results,  each  of  which  is  useful  for  a 
different  purpose  (Strand  1964). 

Height  growth  functions  (i.e.,  conven- 
tional site  index  curves),  because  of  the 
way  they  are  constructed,  are  best  suited 
for  determining  future  or  past  heights  of 
trees  of  known  site  index.   On  the  other 
hand,  site  index  prediction  functions  are 
best  suited  for  determining  site  index  of 
trees  of  known  height  and  age.   Height 
growth  functions  have  traditionally  been 
used  as  site  index  predictors  and,  at  ages 
near  the  index  age,  only  small  errors  are 
introduced.   At  young  ages,  however,  the 
errors  introduced  can  be  significant  so 
site  index  prediction  functions  were  used 
in  this  work.1 


xSince   this  publication  was  prepared, 
an  article  has  appeared  which  discusses 
this  concept  further:     R.    0.    Curtis,   D. 
J.    DeMars,    and  F.   R.    Herman.      Which  de- 
pendent variable  in  site  index-height- 
age  regressions?     For.    Sci.    20:    74-87. 
1974. 


Linear  regressions  of  the  form: 

Site  Index  *  bQ  +  b±    (height) 

were  computed  for  ages  10  through  80  for 
each  of  the  three  species  (Johnson  and 
Worthington  1963).   The  regressions  were 
then  compared  by  covariance  analysis;  dif- 
ferences between  the  black  and  scarlet  oak. 
regressions  were  nonsignificant  so  the  data 
for  these  two  species  were  combined.   The 
black-scarlet  regressions  were  significant- 
ly different  from  the  white  oak  regres- 
sions, however,  so  these  two  species-groups 
were  kept  separate  (table  5).   The  results 
of  these  regressions  (plus  interpolations 
between  equations)  were  then  arranged  in 
the  site  index  prediction  charts  (tables 
3  and  A). 

Comparison  of  Site  Index  Among  Species 

Although  height  growth  patterns  of 
black  and  scarlet  oaks  of  equal  site  index 
were  similar,  black  and  scarlet  oaks  grow- 
ing together  showed  significant  differences 
in  their  mean  site  indexes.   Regression 
equations  relating  site  indexes  between 
these  two  species  on  47,  1/5-acre  plots 
were: 


Scarlet   oak  site   index  » 
6.25  +  0.9450    (black  oak  site   index). 

Black  oak  site  index  = 
0.82  +  0.9439  (scarlet  oak  site  index). 

The  R^  for  these  equations  was  0.89. 

Because  of  the  nature  of  regression 
analysis,  these  two  equations  are  not  iden- 
tical and  each  one  will  predict  site  index 
only  for  the  species  on  the  left  side  of 
the  equation  from  the  known  site  index  of 
the  species  on  the  right  side.   In  spite  of 
this  seemingly  contradictory  nature,  these 
equations  are  the  most  accurate  for  such 
site  index  conversions.   A  simplified  equa- 
tion (derived  by  bisecting  the  angle  be- 
tween the  two  regression  lines)  resulted  in 
one  equation  (expressed  here  two  ways)  that 
could  convert  site  indexes  both  ways  be- 
tween species : 

Scarlet  oak  site  index  = 
2.79  +  1.0006  (black  oak  site  index). 


Black  oak  site  index  = 
-2.79  +  0.9994  (scarlet  oak  site  index). 


Table   5. — Statistics  of  the  blaak-saarlet  oak  and  white 
oak  site  index/height  regressions  for  ages   10  to  80 


BLACK- SCARLET  OAK 

Age 
(years) 

:   Number 
.  of  trees 

.  Intercept 

.  Slope 

R2 

Standard 
error 

10 

465 

44.68 

0.990 

0.21 

0 

.30 

20 

465 

29.83 

.989 

.49 

.24 

30 

465 

16.75 

1.006 

.72 

.18 

40 

465 

4.76 

1.045 

.91 

.10 

60 

272 

-1.57 

.939 

.95 

.11 

70 

145 

-1.21 

.869 

.87 

.24 

80 

44 

3.24 

.768 

.75 

.50 

WHITE 

OAK 

10 

276 

32.98 

1.340 

0.32 

0 

.29 

20 

276 

23.68 

1.124 

.48 

.25 

30 

276 

12.95 

1.099 

.74 

.18 

40 

276 

4.88 

1.052 

.92 

.10 

60 

122 

-1.61 

.928 

.93 

.14 

70 

52 

2.66 

.775 

.78 

.33 

80 

i4 

-.15 

.778 

.85 

.31 

Further  simplification  can  be  made  with 
little  additional  error  by  using  the  fol- 
lowing approximation: 


Doolittle  1958,  and  Olson  and  Della-Bianca 
1959). 


Scarlet  oak  site  index 
black  oak  site  index  +  3. 


Comparison  of  Site  Index  Curves 


Black  oak  site  index  = 
scarlet  oak  site  index  -  3. 


Similar  analysis  of  black  and  white 
oak  data  from  67  plots  showed  significant 
differences  in  the  mean  site  indexes.   Re- 
gression equations  relating  these  two  spe- 
cies were: 


Black  oak  site  index  = 
12.49  +  0.8412  (white  oak  site  index) 

White  oak  site  index  = 
3.19  +  0.8876  (black  oak  site  index). 


The  R^  for  these  equations  was  0.75.   Sim- 
plification of  these  two  equations  similar 
to  that  done  for  the  black-scarlet  oak  data 
resulted  in  a  single  equation  for  convert- 
ing black  and  white  oak  site  indexes  both 
ways : 


Black  oak  site  index  = 
5.02  +  0.9737  (white  oak  site  index) 

White  oak  site  index  = 
5.15  +  1.0270  (black  oak  site  index) 


Conversion  can  be  further  simplified  with 
little  additional  error  by  using  the  ap- 
proximation: 


Black  oak  site  index 
white  oak  site  index  +  4. 

White  oak  site  index 
black  oak  site  index  -  4. 


These  Missouri  site  index  prediction 
tables  were  compared  with  the  height  growth 
curves  of  Schnur  (1937)  and  Carmean  (1971) 
over  a  wide  range  of  heights  and  ages.   As 
expected,  for  ages  of  about  50  years  all 
three  curves  predicted  similar  site  indexes 
for  given  heights  and  ages.   At  ages  10  and 
20  however,  differences  in  predicted  site 
index  were  as  much  as  26  and  11  feet,  re- 
spectively, between  the  Missouri  site  index 
prediction  tables  and  the  two  regional 
height  growth  curves. 


Analyzing  the  data  by  Heger's  method 
(1968)  (i.e.,  regressions  of  height  on  site 
index  producing  conventional  height/age 
site  index  curves)  showed  that  differences 
in  tree  height-growth  patterns  exist  be- 
tween the  southern  Missouri  trees  and  those 
represented  by  either  of  the  two  regional 
curves,  although  the  Missouri  white  oak 
height-growth  patterns  closely  paralleled 
the  regional  curves  of  Schnur  (1937) . 
Missouri  white  oak  trees  tended  to  grow 
somewhat  faster  than  Carmean's  trees  (1971) 
up  to  50  years  of  age,  but  much  slower 
from  50  to  80  years.   Missouri  black  and 
scarlet  oaks  tended  to  grow  faster  in 
height  at  ages  less  than  50  years  and  slow- 
er at  ages  more  than  50  years  than  trees 
represented  by  both  the  Schnur  (1937)  and 
Carmean  (1971)  regional  curves. 


Computation  of  the  Confidence  Intervals 


The  site  index  confidence  intervals 
(CI)  were  computed  from  the  equation: 


CI  = 


ts 


Scarlet  and  white  oak  occurred  to- 
gether on  only  three  plots,  so  no  compari- 
sons could  be  made  between  these  two  spe- 
cies.  The  species-site  index  comparisons 
agree  generally  with  similar  published  com- 
parisons from  other  oak  regions  (Nelson  and 
Beaufait  1956,  Trimble  and  Weitzman  1956, 


The 

and  was  based  on  the  chosen  probability 
level  and  2,  4,  9,  or  19  degrees  of  freedom 
for  the  3-,  5-,  10-,  and  20-tree  measure- 
ments, respectively.   The  s  _  was  obtained 
from  the  formula: 


2    2 
s  +  s  . 
_2 t 


in  which  n  =  the  number  of  trees  measured 
(3,  5,  10,  or  20),  s2   (plot  variance)  = 
the  variance  of  site   indexes  of  trees  in 


relatively  homogeneous  even-aged  stands, 
and  s2   (tree  variance)  =  the  variance  of 
the  site  index  estimate  for  the  specified 
height  and  age. 


The  s2  was  obtained  from  77  white  oak 
and  48  black  oak  1/5-acre  plots.   Three 
trees  were  sectioned  on  each  plot  and  their 
site  index  determined  as  previously  de- 
scribed.  The  s2p  for  each  of  the  two  spe- 
cies was  then  the  average  £  (SI-SI)  /n-1 
of  all  the  plots,  and  represented  the  vari- 
ance of  the  actual  site  indexes  in  rela- 
tively uniform  forest  stands. 

The  s2  was  the  s2    of  the  site 
index/height  regressions   and  represented 
the  variance  in  estimated  site  index  for 
given  heights  and  ages. 

The  confidence  intervals  (tables  1  and 
2)  should  be  interpreted  as  minimum   inter- 
vals that  would  be  encountered  in  normal 
field  use.   The  s2   values  were  based  on 
trees  from  small  plots  chosen  for  their 
apparent  uniformity  of  tree  growth  and 
site  index.   Variation  in  site  index  over 
larger,  less  homogeneous  areas  would  un- 
doubtedly be  greater.   The  confidence  in- 
tervals were  based  on  data  from  felled  and 
sectioned  trees  from  which  precise  height 
and  age  measurements  could  be  made.   Com- 
parable measurements  on  standing  trees 
would  probably  be  less  precise.   The  con- 
fidence intervals  are  strictly  applicable 
only  at  the  mean  height  of  the  trees  used 
in  each  site  index/height  regression.   The 
intervals  increased  slightly  with  increased 
deviation  of  height  from  the  mean  and  were 
as  much  as  1/2  foot  greater  at  height  ex- 
tremes for  trees  less  than  20  years  old. 
The  increases  were  negligible,  however, 
over  a  broad  range  of  medium  heights  for 
trees  more  than  20  years  old. 
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BROWN  SPOT  NEEDLE  DISEASE- 
BIOLOGY  AND  CONTROL  IN  SCOTCH  PINE  PLANTATIONS 

Darroll  D.  Ski  1  ling  and  Thomas  H.  Nicholls 


APPLICATION 


Christmas  tree  growers  in  the  north- 
central  States  have  recently  experienced 
serious  losses  due  to  brown  spot  needle 
disease,  caused  by  the  fungus  Soirrhia 
aeiaola   (Dearn.)  Siggers.   Scotch  pine 
(Pinus  sylvestrie   L.)  needles  infected  by 
this  fungus  drop  prematurely,  resulting 
in  unmerchantable  trees.   Brown  spot  has 
been  reported  in  Scotch  pine  plantations  in 
seven  States.   Growers  with  Scotch  pine  plan- 
tations in  these  States  should  watch  closely 
for  brown  spot  infection  (fig.  1) . 

The  USDA  Forest  Service  after  extensive 
research  has  recently  developed  control 
measures  for  brown  spot  needle  blight. 
When  properly  applied,  these  controls  will 
eliminate  the  current  losses  from  this  disease. 


EARLY  DETECTION 


ism.   This  service  is  available  free  of  charge 
from  the  following  agencies: 

Plant  Disease  Clinics,  Departments  of 
Plant  Pathology,  State  Universities 

Plant  Pest  Divisions,  Departments  of 
Natural  Resources  or  State  Departments 
of  Agricuture 

Forest  Pest  Management 
State  and  Private  Forestry 
USDA  Forest  Service 
6816  Market  Street 
Upper  Darby,  PA  19082 

Forest  Pest  Management 
State  and  Private  Forestry 
USDA  Forest  Service 
1720  Peachtree  Rd.,  NW 
Atlanta,  GA  30309 


Early  detection  and  control  of  brown  spot 
in  Christmas  tree  plantations  will  prevent 
serious  economic  losses  to  growers.   Generally, 
2  to  3  yrs  elapse  before  brown  spot  reaches 
epidemic  status.   During  this  time  the  grower 
can  identify  the  problem  and  apply  control 
measures.   Plantation  owners  who  suspect  their 
trees  are  infected  with  brown  spot  should  con- 
tact their  local  extension  forester  or  forest 
pest  management  office  for  assistance.   Posi- 
tive confirmation  of  brown  spot  requires  iso- 
lation and  identification  of  the  causal  organ- 


SYMPTOMS 

The  first  symptoms  of  brown  spot  infec- 
tion on  Scotch  pine  usually  appear  in  late 
August.   At  that  time  yellow  spots  develop 
on  the  infected  needles  (fig.  2).   These 
needle  spots  are  often  resin-soaked.   The 
majority  of  the  infected  needles  will  be 
found  on  the  lower  branches  of  tne  tree, 
especially  on  the  north  side.   Infected 
needles  of  all  ages  start  dying  from  the 


Figure  1. — Broom  spot  has  been  reported  in  Scotch  pine  Christmas  tree 
plantations  in  the  seven  shaded  States.      Growers  in  these  States 
should  be  alert  for  brown  spot  infection  in  their  plantations. 


tips  back  until  entire  needles  turn  brown  and 
fall  off  during  October  and  November  (fig.  3). 
In  lightly  infected  plantations,  only  the  2- 
and  3-yr-old  needles  are  lost.   This  should 
not  be  confused  with  the  normal  fall  shedding 
of  3-yr-old  needles  by  Scotch  pine.   As  in- 
fection becomes  more  severe,  the  current-year 
needles  also  are  infected  and  are  shed  during 
the  fall.   The  result  is  mostly  bare  branches 
and  a  totally  unsalable  Christmas  tree.   In 
severe  cases  branches  are  killed  by  the 
disease,  but  usually  the  buds  of  infected  trees 
remain  healthy  and  produce  new  foliage  the 
following  spring.   This  new  foliage  also  be- 
comes infected,  continuing  the  disease  cycle. 


SUSCEPTIBLE  HOSTS 

Although  brown  spot  is  able  to  infect  at 
least  28  species  of  pine,  it  formerly  only 
caused  economic  losses  to  longleaf  pine  in 
the  southern  United  States  (Siggers  1944). 
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With  the  planting  of  large  areas  to  Scotch 
pine  for  Christmas  trees,  brown  spot  now 
causes  serious  losses  to  this  species  as  well. 
Other  Christmas  tree  species  that  have  been 
infected  by  the  brown  spot  fungus  in  field- 
inoculation  tests  include  eastern  white, 
Austrian,  red,  ponderosa,  jack,  and  Virginia 
pines. 


LIFE  HISTORY 

Two  types  of  spores  are  produced  by  the 
brown  spot  fungus  on  lorgleaf  pine  in  the 
southern  United  States.   The  windblown  asco- 
spores  provide  long-distance  spread  while  the 
sticky,  rainsplash-disseminated  conidia  are 
responsible  for  tree-to-tree  spread  and  for 
disease  buildup  on  infected  trees.   In  the 
north-central  area,  the  life  cycle  on  Scotch 
pine  is  slightly  different.   No  evidence  of 
windblown  ascospores  has  been  found.   Evident- 
ly, all  infection  is  due  to  the  conidial  stage. 


These  conidia  are  moved  about  by  rain  and  by 
other  agents  such  as  man  or  other  animals. 
The  conidia  infect  Scotch  pine  needles  from 
June  to  September.   The  major  infection  per- 
iod, however,  is  in  late  June  and  early  July. 
Rainfall  is  the  primary  factor  for  conidia 
dissemination.   Moisture  is  necessary  on  the 
needle  surface  for  germination  to  occur.   New 
fruiting  bodies  with  mature  conidia  are  found 
on  infected  needles  in  late  August  (fig.  4). 
Although  many  conidia  are  released  from  these 
fruiting  bodies  in  September,  little  infec- 
tion seems  to  take  place  at  this  time.   The 
major  Infection  results  from  overwintering 
fruiting  bodies  that  release  conidia  in  early 
summer  as  the  new  needles  are  developing. 


CONTROL  MEASURES 

Chemical 

To  prevent  infection  of  new  foliage,  a 
fungicide  must  be  applied  in  plantations  where 
brown  spot  occurs.   No  natural  controls  are 
known  for  susceptible  Scotch  pine  varieties. 
The  disease  may  subside  during  dry  years  but 
will  increase  again  when  moisture  conditions 
return  to  normal.   Prompt  control  measures 
will  maintain  tree  vigor  and  minimize  losses 
from  other  insect  and  disease  problems. 


When  to  Spray 

Applying  fungicides  at  the  proper  time 
is  essential  for  satisfactory  brown  spot  con- 
trol.  The  fungicides  must  be  applied  before 
needle  infection  by  the  fungus  spores.   Once 
infection  takes  place  treatment  is  not  effec- 
tive.  The  first  spray  should  be  applied  when 
the  new  needles  are  about  half  grown.   In  the 
north-central  region  this  is  about  mid-June. 
In  severely  infected  plantations  or  during 
unusually  wet  years,  a  second  spray  should 
be  applied  3  to  4  weeks  later. 

What  to  Use 

Two  fungicides  are  currently  recommended 
for  use  against  brown  spot  in  Scotch  pine 
plantations — Bordeaux  mixture  and  chlorothalon- 
il.   Both  are  registered  for  this  purpose. 

Christmas  tree  growers  in  Wisconsin  have 
been  spraying  with  Bordeaux  mixture  for  3  yrs 
and  have  found  it  to  be  safe  and  effective. 
It  also  remains  active  on  the  needle  surface 
longer  than  many  other  fungicides.   Bordeaux 
mixture,  however,  has  some  disadvantages. 


The  material  is  difficult  and  time-consuming 
to  prepare  due  to  its  poor  water  solubility. 
It  is  also  alkaline  and  is  not  compatible  witl 
many  insecticides.   Because  of  these  problems 
many  growers  prefer  to  use  other  fungicides. 

Chlorothalonil  (sold  under  such  trade 
names   as  Bravo  and  Daconil)  is  also  effective 
for  control  of  brown  spot.   This  fungicide 
has  only  recently  been  registered  for  this 
purpose.   Although  more  expensive  than  Bor- 
deaux mixture,  it  is  easily  prepared  and  is 
not  corrosive  to  equipment.   It  is  also  very 
effective  against  Lophodermium   needlecast, 
another  serious  disease  of  Scotch  pine  plan- 
tations.  Because  of  its  advantages  over 
Bordeaux  mixture,  the  use  of  chlorothalonil 
for  brown  spot  control  probably  will  increase, 

How   to  mix. — Chlorothalonil  is  relative- 
ly easy  to  prepare.   The  wettable  powder  is 
added  to  the  water  in  the  spray  tank  and  agi- 
tated.  No  spreader-sticker  is  necessary. 
The  recommended  rate  is  2.5  lb/100  gal  of 
water  for  hydraulic  sprayers  and  6  lb/100  gal 
of  water  for  mist  blowers. 


To  use  Bordeaux  mixture,  a  few  addition- 
al steps  are  necessary.   Bordeaux  is  a  mix- 
ture of  copper  sulfate  (instant  powder,  blue 
vitriol)  and  hydrated  lime  in  water.   For 
control  of  brown  spot  with  hydraulic  spray- 
ers, a  mixture  of  8  lb  copper  sulfate,  8  lb 
hydrated  lime,  and  100  gal  of  water  is  recom- 
mended.  Growers  normally  use  a  24-24-100 
mixture  when  using  mist  blowers.   In  prepar- 
ing the  mixture,  the  solutions  of  copper  sul- 
fate and  lime  should  be  made  separately. 
Using  8-8-100  formula,  8  lb  of  copper  sulfate 
are  dissolved  in  50  gal  of  water  and  8  lb 
of  hydrated  lime  are  dissolved  in  another 
50  gal  of  water.   When  the  mixture  is  to  be 
used,  pour  the  two  solutions  together  through 
a  copper  sieve  (about  20  meshes  to  the  inch) 
to  exclude  small  particles  that  may  plug  spraj 
nozzles.   Constant  agitation  is  necessary 
to  prevent  the  material  from  settling  to  the 
tank  bottom.   Because  Bordeaux  mixture  loses 
some  of  its  effectiveness  within  a  few  hours 
after  preparation,  material  remaining  in  the 
sprayer  at  the  end  of  the  day  should  be  dis- 
carded according  to  approved  pesticide  dis- 
posal methods.   Bordeaux  mixture  is  very  cor- 
rosive to  most  metal  equipment.   Fiberglass 


^Mention  of  trade  namt  s       es 
stitute  endorsen,   •  ducts  by   the 

USDA  Forest  Service. 


Figure  2. — Needle  spots  caused  by   the  brown 
spot  fungus,    Scirrhia  acicola.  In   the 
North  Central  States  these  spots  appear 
in   late  August. 


Figure  4. — The  brown  spot  fruiting  bodies 
are  visible  on  infected  needles  by   late 
August.      Major  infection  takes  place  the 
following   late  June  or  July  by  means  of 
rainsplash-disseminated  conidia. 


Figure  5. — Hydraulic  sprayers  such  as   this 
straddle  type  are  'very  effective  for 
applying  fungicides  to  control  foliage 
diseases  in  Christmas  tree  plantations. 


Figure  3. — Brown  spot  infection  is  more  severe 
on  the   lower  portion  of  the  tree,    especially 
on   the  north  side  where  moisture  conditions 
are  most  conducive   to  infection. 


Figure  6. — Mist  blowers  in  general  are  more 
economical  for  Christmas   tree  spray  opera- 
tions than  the  hydraulic  type.      The   large 
blowers  develop  windspeeds  of  95  mi/h  and 
can  spray  up  to  20  rows  of  trees  if  the 
road  system  permits  spraying  from  both 
sides. 


or  stainless  steel  tanks  are  recommended  and 
all  spray  equpiment  must  be  washed  and  rins- 
ed thoroughly  at  the  end  of  the  day. 

Application  equipment. — Most  growers 
apply  fungicides  with  hydraulic  sprayers  or 
mist  blowers.   To  be  effective.,  the  hydraulic 
sprayer  must  have  a  working  pressure  suffi- 
cient to  completely  moisten  all  tree  foliage 
(fig.  5) .   Hydraulic  sprayers  use  about  100 
gal  of  fungicide/acre.   In  general,  hydraulic 
sprayers  cover  less  area  per  hour  than  air- 
blast  mist  blowers.   The  latter  can  spray  up 
to  20  rows  of  trees  if  the  road  system  per- 
mits spraying  the  trees  from  both  sides  (fig.  6) 
A  large  mist  blower  will  develop  windspeeds 
of  95  mi/h  and  cover  about  8  acres  of  plan- 
tation/hr.   Most  mist  blowers  use  about  40  gal 
of  fungicide/acre,  which  is  considerably  less 
than  the  hydraulic  sprayers  use  and  explains 
the  use  of  a  more  concentrated  mixture.   The 
new  low-volume  mist  blowers  use  only  about 
20  gal/acre.   Here  the  concentration  of  Bor- 
deaux mixture  is  12-12-20. 


Weather 

To  be  effective,  fungicides  should  be 
allowed  to  dry  on  the  needles;  therefore, 
they  should  not  be  applied  during  rain.   Sub- 
sequent rainfall  is  not  as  detrimental.   Fo- 
liage should  be  sprayed  when  the  air  is  calm  to 
obtain  even  coverage. 

Safety  Precautions 

Pesticides  used  improperly  can  be  in- 
jurious to  man,  animals,  and  plants.   Follow 
the  directions  and  heed  all  precautions  on 
the  labels.   Store  pesticides  in  original 
containers  under  lock  and  key — out  of  the 
reach  of  children  and  animals — and  away  from 
food  and  feed.  — ' 

Apply  pesticides  so  that  they  do  not 
endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.   Do  not  apply 
pesticides  when  there  is  danger  of  drift, 
when  honey  bees  or  other  pollinating  insects 


2 Some  States  have  restrictions  on  the 
use  of  certain  pesticides .      Check  your  State 
and  local  regulations.      Because  registrations 
of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency, 
consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the 
intended  use  is  still  registered. 


are  visiting  plants,  or  in  ways  that  may  con- 
taminate water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  presticide 
sprays  or  dusts;  wear  protective  clothing 
and  equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with 
a  pesticide,  do  not  eat  or  drink  until  you 
have  washed.   In  case  a  pesticide  is  swal- 
lowed or  gets  in  the  eyes,  follow  the  first- 
aid  treatment  given  on  the  label,  and  get 
prompt  medical  attention.   If  a  pesticide 
is  spilled  on  your  skin  or  clothing,  remove 
clothing  immediately  and  wash  skin  thorough- 

ly. 

Do  not  clean  spray  equipment  or  dump 
excess  spray  material  near  ponds,  streams, 
or  wells.   Because  it  is  difficult  to  re- 
move all  traces  of  herbicides  from  equipment, 
do  not  use  the  same  equipment  for  insecticide; 
or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers 
promptly.   Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in 
a  level,  isolated  place. 


Cultural  Control 

In  addition  to  chemical  control,  the 
following  cultural  practices  will  either  pre- 
vent brown  spot  infection  or  reduce  its  se- 
verity. 


Plant  only  healthy  nursery  stock.   It 
is  far  easier  to  keep  disease  out  of  a  plan- 
tation than  to  control  it  once  it  is  estab- 
lished.  Although  State  nursery  inspection 
is  improving,  there  have  been  many  cases  in 
recent  years  in  which  diseased  stock  was  ship- 
ped from  nurseries.   If  stock  has  turned 
brown  or  contains  infection  spots  on  the  fo- 
liage, the  trees  should  be  examined  by  a  plam 
pathologist  before  planting.   If  brown  spot 
or  other  foliage  diseases  are  present,  the 
trees  should  be  returned  to  the  nursery. 


Plant  resistant  varieties.   The  short- 
needled  Scotch  pine  are  more  susceptible  to 
the  brown  spot  fungus  than  the  long-needled 
varieties.   The  varieties  "Spanish"  and 
"French-green"  are  especially  susceptible. 
To  avoid  catastrophic  losses,  a  grower  should 
avoid  planting  all  his  land  in  one  species 
or  one  variety. 


Avoid  planting  S 
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breaks  is  unavoidable 
should  be  cut  and  bur 
ing  the  new  stand.  S 
or  treated  with  a  reg 
weevil  control. 


cotch  pine  seedlings 
pine  windbreaks.   Trees 
tly  serve  as  a  reservoir 
ngus  as  well  as  for  other 
If  planting  near  wind- 
the  windbreak  trees 
ned  the  year  before  plant- 
tumps  should  be  removed 
istered  insecticide  for 


Cut  and  remove  small  pockets  (1  to  5 
trees)  of  brown- spot -infected  trees  in  a 
plantation.   All  remaining  trees  within  30  ft 
of  the  infected  area  should  be  sprayed  with 
a  fungicide  at  the  proper  time.   A  backpack 
mist  blower  works  well  for  this  type  of  oper- 
ation.  If  there  are  several  pockets  of  in- 
fected trees,  the  whole  plantation  should 
be  sprayed  as  outlined  earlier. 

Avoid  leaving  live  branches  on  stumps 
when  harvesting  trees,  especially  in  infect- 
ed plantations.   These  lower  branches  are 


especially  susceptible  to  foliage  diseases 
such  as  brown  spot.   Needles  on  these  lower 
branches  serve  to  perpetuate  the  brown  spot 
fungus. 


Remove  infected  trees  as  soon  as  they 
have  been  cut.   Brown  spot  spores  are  pro- 
duced throughout  the  growing  season.   Un- 
less infected  trees  cut  during  the  spring 
are  removed,  they  will  produce  spores  into 
the  fall. 


Do  not  shear  infected  plantations  dur- 
ing wet  weather.   Brown  spot  spores  ooze  out 
of  fruiting  bodies  when  the  foliage  is  wet 
and  can  easily  be  spread  from  tree  to  tree 
on  shearing  tools  or  workers'  clothing. 
Healthy  plantations  should  be  sheared  first 
to  avoid  carrying  spores  into  them  from 
diseased  plantations.   If  this  is  not  prac- 
tical, the  shearing  tools  should  be  steril- 
ized with  denatured  alcohol  for  3  to  5  min 
after  shearing  infected  plantations. 
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Brown  spot  disease  has  recently  caused 
damage  in  seven  north-central  States.   These 
States  grow  31  percent  of  the  Nation's  Christ- 
mas trees  at  a  market  value  of  more  than 
$70  million.   Wisconsin  was  hardest  hit  of 
these  States;  from  1967  through  1970,  several 
hundred  thousand  Scotch  pines  were  unsalable 
because  of  brown  spot  infection  (Skilling 
and  Nicholls  1972,  Prey  and  Morse  1971). 

After  discovery  of  brown  spot  needle 
disease  in  Wisconsin,  research  studies  were 
begun  to  develop  practical  control  measures 
for  this  serious  disease.   The  research  in- 
volved (1)  studying  the  life  history  of  the 
causal  organism,  S.    acicola^  (2)  host  range 
studies,  and  (3)  fungicide  evaluation  for 
disease  control. 


LIFE  HISTORY  STUDY 

The  primary  objective  of  this  study  was 
to  determine  what  influence  the  temperate 
Lake  States  environment  had  upon  the  biology 
and  life  history  of  the  brown  spot  fungus 
and  at  what  points  in  its  life  cycle  it  was 
most  vulnerable  to  control.   Specifically, 
we  investigated  (1)  how  climate  affected 
the  biology  of  the  fungus,  (2)  how  the  fun- 
gus overwinters,  (3)  the  seasonal  development 
of  host  and  parasite,  (4)  how  spores  are 
disseminated,  and  (5)  when  infection  takes 
place. 

Methods 

Climate  and  Phenology 

Disease  development  is  affected  by  cli- 
matic conditions.   To  obtain  a  measure  of 
the  various  conditions,  weather  stations  were 
maintained  in  several  areas  in  Wisconsin  and 
Minnesota  during  1970  and  1971.   Each  station 
consisted  of  a  weather  shelter  containing 
a  temperature-relative  humidity,  7-day  re- 
cording hygrothermograph,  and  a  rain  gage 
(fig.  7)  which  were  serviced  at  weekly  inter- 
vals.  The  resulting  weather  data  were  cor- 
related with  the  seasonal  development  of 
the  disease  and  the  host. 


At  each  weather  station  phenological 
records  of  parasite  and  host  development  were 


made  at  weekly  intervals  throughout  the  grow- 
ing season  (April  to  October)  and  at  lesser 
intervals  during  the  other  months.   These 
data  provided  a  graphic  summary  of  new  needle 
growth,  timing  of  spore  discharge  and  dis- 
semination, infection  periods,  and  symptom 
development. 

Spore  Release  and  Dissemination 

1970. — To  trap  brown  spot  spores,  six 
vaseline-coated  microscope  slides  were  placed 
in  brown-spot-infected  Scotch  pine  Christmas 
tree  plantations  near  Black  River  Falls,  Wild 
Rose,  and  Boscobel,  Wisconsin,  and  near  Hasting: 
Minnesota  (fig  8).   Two  of  the  slides  were 
placed  directly  under  infected  Scotch  pine 
trees,  two  were  placed  in  the  upper  crowns, 
and  two  were  placed  in  the  open  short  distances 
from  infected  trees.   These  slides  were  chang- 
ed at  weekly  intervals  to  provide  information 
on  short-distance  dissemination  of  spores.   To  ( 
termine  the  long-distance  dissemination  of  spon 
slides  were  placed  from  5  to  3,520  yd  in  var- 
ious directions  from  infected  trees.   Slides 
were  also  placed  in  an  infected  35-yr-old 
Scotch  pine  windbreak  that  was  adjacent  to 
a  Scotch  pine  Christmas  tree  plantation  near 
Brodhead,  Wisconsin.   These  slides  were  chang- 
ed at  irregular  intervals  throughout  1970. 

The  duration  of  spore  discharge  from 
cut  brown-spot-infected  Scotch  pine  Christ- 
mas trees  was  determined  at  Black  River  Falls 
by  placing  the  trees  on  top  of  a  wire  frame 
located  4  ft  above  the  ground.   The  infected 
trees  were  left  on  the  frame  from  May  until 
the  end  of  September  1970  to  see  how  long 
cut  trees  produce  brown  spot  conidia.   To 
measure  this  factor,  two  vaseline  slides 
were  placed  under  the  infected  trees.   The 
slides  were  periodically  changed  and  the  spores 
counted^   Before  the  frame  was  put  in  place, 
susceptible  pine  seedlings  were  planted  to 
serve  as  indicators  of  infection. 

1971. — Similar  procedures  were  followed 
in  1971.   Some  of  the  slide  locations  were 
changed  to  obtain  more  detailed  information 
on  short-distance  spread  of  spores  between 
closely  planted  Christmas  trees.   Six  slides 
were  also  used  to  determine  the  effect  of 
fungicides  on  spore  production. 

The  study  areas  were  the  same  as  in  1970 
except  the  Hastings,  Minnesota,  study  area 


was  replaced  by  one  near  Trempealeau,  Wisconsin. 
As  in  1970,  six  slides  were  used  at  each  plan- 
tation.  Two  were  placed  under  infected  trees, 
but  the  other  four  were  placed  at  the  cardin- 
al directions  1   to  54  in.  from  infected 
trees.   Of  the  six  slides  used  in  the  heavily 
infected  Trempealeau  plantation,  two  were 
placed  under  unsprayed  trees,  two  under  trees 
sprayed  with  Du-ter  (triphenyltin  hydroxide), 
and  two  under  trees  sprayed  with  Fundilan 
(a  mixture  of  chlorothalonil  and  cycloheximide) . 
Some  slides  were  left  out  from  November  through 
April  to  see  if  any  spores  were  released  dur- 
ing the  winter  months. 

Field  observations  indicated  that  as 
Scotch  pine  needles  grow  older  they  are  more 
resistant  to  brown  spot  infection.   To  ver- 
ify this  observation,  potted  greenhouse-grown 
Spanish  Scotch  pine  seedlings  were  exposed 
to  brown  spot  spores  by  placing  them  under 
heavily  infected  Scotch  pine  Christmas  trees 
for  various  time  intervals  throughout  the 
growing  season.   The  potted  seedlings  were 
then  removed  to  a  greenhouse  and  observed 
for  symptom  development  on  the  current- 
year  needles. 


Results 

Climate  and  Phenology 

The  disease  symptoms  and  life  history 
of  the  fungus  described  earlier  in  this  paper 
were  based  on  the  phenological  development 
of  the  brown  spot  disease  on  Scotch  pine 
(table  1) . 


Brown  spot  pycnidia  were  present  through- 
out the  year  although  more  abundant  at  certain 
times  than  others.   Rainfall  and  low  tempera- 
tures were  the  most  critical  weather  factors 
influencing  spore  release.   Spores  were  re- 
leased throughout  the  growing  season  but  only 
during  rainy  weather.   Spore  release  decreased 
rapidly  or  stopped  as  temperatures  approached 
2°  C  (35°  F). 

Spore  Release  and  Dissemination 

Spore  release  throughout  the  growing 
season  was  correlated  with  rainfall  and 
current-year  needle  growth  (figs.  9  and  10). 
Generally,  two  spore  peaks  occurred,  one  in 
June  and  one  in  late  August  and  September 
as  seen  below: 


Spore   trapping  period 


June  3  -  June  5,  1970 
June  5  -  June  29,  1970 
June  29  -  July  21,  1970 
July  21  -  Aug.  21,  1970 
Aug.  21  -  Sept.  30,  1970 
Sept.  30  -  Oct.  30,  1970 
Oct.  30  -  Dec.  1,  1970 
Dec.  1,  1970  -  May  5,  1971 


Conidia 
trapped 

(Number) 

17 

2,232 

446 

161 

858 

282 

22 

0 


^Number  of  brown  spot  conidia  collected 
in  an  infected  35-yr-old  Scotch  pine  windbreak 


near  Brodhead,    Wis. 
for  each  period. 


based  on  two  spore   traps 


Table  1. — Average  dates  of  needle  growth  and  brown  spot 
fungus  development  on  current-year  Scotch  pine  needles 
in  Wisconsin  and  Minnesota,    1970  and  1971 


Current-  : 

Appearance 

Appe 

iarance  of  browr 

- 

Location1 

Start 

year  needle 

of  needle  spots 

ing 

and  fruiting   : 

Dropping 

of  new: 

growth    : 

on  current-year 

bodies  on  current-: 

of 

current-year 

needle 

complete  : 

needles 

vcir  nppdlps 

needles  bej;an 

Brodhead, 

Wis. 

5/17 

7/15 

8/13 

8/24 

9/17 

Boscobel , 

Wis. 

5/17 

6/28 

8/2 

8/13 

8/31 

Trempealeau, 

Wis. 

5/10 

7/12 

8/16 

8/9 

8/23 

Wild  Rose, 

Wis. 

5/31 

7/23 

8/17 

9/7 

9/24 

Black  River 

Falls,  Wis 

5/21 

8/10 

8/9 

8/16 

9/17 

Hastings , 

Minn. 

6/7 

8/20 

8/18 

8/31 

9/29 

locations  listed  from  the  southern  to  northern  parts  of  the  State. 
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Figure  9. — Weekly  rainfall,    and  numbers  of  hroim  spot  conidia  trapped 
weekly  in  infected  Scotch,  pine  plantations  at  Boscobel  and  Wild 
Rose,    Wisconsin.      Spore  number  equals  the  total  number  of  spores 
counted  on  three  sample  strips  taken  on  each  of  six     spore  trap 
slides  in  each  plantation. 
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Figure  10. — Weekly  rainfall,    and  numbers  of  brown  spot  conidia  trapped 
weekly  in  infected  Scotch  pine  plantations  at  Hastings,   Minnesota, 
and  Black  River  Falls  and  Trempealeau,    Wisconsin.     Spore  numbers 
equals  the  total  number  of  spores  counted  on  three  sample  strips 
taken  on  each  of  six  spore  trap  slides  in  each  plantation. 
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Spores  released  during  the  first  peak,  are 
the  most  important  in  terms  of  infecting  the 
new  needles.   A  fungicide  must  be  applied 
before  this  peak  to  prevent  infection.   Young, 
growing  Scotch  pine  needles  are  more  suscep- 
tible to  infection  than  mature  needles.   De- 
spite the  abundant  spore  release  during  late 
August  and  September, 'little  infection  occurs 
because  the  needles  are  more  resistant.   Heavy 
infection  occurred  on  trees  exposed  between 
June  26  and  July  24,  little  infection  oc- 
urred  on  trees  exposed  after  July  24,  and 
no  infection  occurred  on  trees  exposed  after 
September  6  (table  2). 


Table  2. — Needle  infection  of  Spanish  Scotch 
pine  seedlings  placed  under  infected  Scotch 
pine  Christmas  trees  at  Hastings ,   Minn, 
and  Wild  Rose,    Wis. 1 


HASTINGS, 

MINNESOTA 

Period 

subjected  : 

: 

Amount 

to  spore  casts   : 

Disease  : 

of 

1972       : 

rating2  : 

rainfall 

Inches 

5/15 

to  5/30 

0 

1.33 

6/9 

to  6/26 

0.8 

2.00 

6/26 

to  7/10 

2.7 

1.38 

7/10 

to  7/24 

2.3 

4.29 

7/24 

to  8/7 

.3 

1.68 

8/7 

to  8/18 

.3 

.30 

8/18 

to  9/6 

.2 

2.89 

9/6 

to  9/18 

0 

.78 

9/18 

to  10/16 

0 

3.72 

WILD  ROSE, 

WISCONSIN 

6/6 

to  9/6 

4.0 

9.53 

9/6 

to  10/4 

0 

2.00 

in 

^Yivaa      t~r\      c  oir 

art      coDftl  -i  n  r 

c   irnr-o 

placed  under  the  infected  tree,  left 
for  the  indicated  period  of  time,  and 
returned  to  a  greenhouse  for  symptom 
development.   Symptom  readings  were 
made  on  December  14,  1972. 

Based  on  a  scale  of  0  to  4 :  0=no 
infection,  1=1  to  25  percent  of  needles 
infected,  2=26  to  50  percent  of  needles 
infected,  3=51  to  75  percent  of  needles 
infected,  and  4=76  to  100  percent  of 
needles  infected. 

Spore  release  was  dependent  on  the  oc- 
currence of  rainfall  (figs.  9  and  10).   De- 
spite adequate  rainfall,  few  spores  were  re- 
leased in  April  and  November,  probably  due 
to  low  temperatures.   No  spores  were  trapped 
from  December  through  the  end  of  April. 

Brown  spot  spores  were  collected  on 
750  slides  exposed  at  24  locations  within 
and  some  distance  from  brown-spot-infected 
Scotch  pine  trees  in  1970.   Most  spores  were 


trapped  in  the  lower  crowns  of  trees  while 
only  a  few  spores  were  trapped  1  to  10  ft 
from  infected  trees  (table  3).   This  resulted 
from  rainsplash  dissemination  of  spores  and 
the  greater  number  of  fruiting  bodies  present 
in  the  lower  crowns. 

As  in  1970,  the  1971  data  show  that  the 
majority  of  spores  were  trapped  within  or 
under  infected  trees  (table  4) .   Signif icantl 
fewer  spores  were  trapped  from  1  to  54  in. 
away  from  infected  trees.   However,  the  1970 
and  1971  data  show  that  enough  rainsplash 
spores  are  disseminated  short  distances  to 
spread  the  fungus  between  closely  planted 
Christmas  trees. 


Means  for  long-distance  dissemination 
of  the  fungus  has  not  been  determined  in  the 
North.   Despite  the  exposure  of  more  than 
1,300  spore  trap  slides  during  1970  and  1971, 
no  brown  spot  ascospores  were  collected. 
Numerous  infected  needles  were  also  examined 
at  different  times  of  the  year,  but  no 
perfect-stage  fruiting  bodies  were  found. 
This  is  in  contrast  to  the  southern  United 
States  where  both  conidia  and  ascospores  are 
common  on  longleaf  pine  (Kais  1971) .   The 
most  northern  record  of  the  perfect  stage 
was  made  near  Ashland,  Missouri,  on  ponder- 
osa  pine  (Pinus  ponderosa   L.)  (Luttrell  1949) 

Evidence  was  found  for  two  other  possibl 
means  of  long-distance  spore  dissemination: 
insect  and  man.   Insect  dissemination  of 
brown  spot  conidia  may  be  possible  because 
the  spores  are  sticky  and  numerous  insects 
inhabit  the  plantations.   During  June  1970, 
two  scales  of  a  lepidopterous  insect  were 
observed  on  a  spore  trap  10  ft  from  the  near- 
est infected  tree.   Twenty-five  brown  spot 
conidia  were  attached  to  these  scales.   If 
spores  such  as  this  were  to  come  in  contact 
with  susceptible  tissue,  infection  might  re- 
sult.  Spores  also  may  be  spread  by  shearing. 
If  infected  trees  are  sheared  while  the  fo- 
liage is  wet,  the  sticky  spores  can  be  car- 
ried on  shearing  tools.   This  was  determined 
by  applying  the  sticky  side  of  cellophane 
tape  to  the  blades  of  shearing  knives  that 
had  been  used  to  shear  wet  brown-spot-inf ecte 
trees  and  then  placing  this  tape  on  glass 
slides.   Microscopic  examination  revealed 
hundreds  of  brown  spot  conidia  on  the  tapes. 
This  suggests  conidia  are  spread  from  one 
tree  to  another  or  within  the  same  tree  durin 
shearing,  which  could  be  a  significant  means 
of  spore  dissemination  within  Christmas  tree 
plantations. 
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Table  3. — Total  number  of  brown  spot  oonidia  oolleoted  by 
spore  traps  placed  at  random  locations  within  and  near 
infected  Scotch  pine  trees 


Total 

Spore 

Total 

: 

rainfall 

Study  area 

trapping 

slides 

:  Location  of 

Conidia 

during 

period 

exposed 

:  spore  traps 

trapped1 

trapping 

(1970) 

period 

Number 

Number 

Inches 

Black  River 

Apr.  20 

66 

Upper  crown 

7,786 

28.13 

Falls,  Wis 

to 

66 

Under  tree 

10,904 

Nov.  30 

33 

1  ft  from  tree 

65 

33 

5  ft  from  tree 

14 

Boscobel, 

Apr.  20 

66 

Upper  crown 

23,457 

25.11 

Wis. 

to 

66 

Under  tree 

28,403 

Nov.  30 

33 

1  ft  from  tree 

470 

33 

5  ft  from  tree 

58 

Wild  Rose, 

Apr.  20 

66 

Upper  crown 

15,895 

26.20 

Wis. 

to 

66 

Under  tree 

30,114 

Nov.  30 

33 

1  ft  from  tree 

245 

33 

5  ft  from  tree 

15 

Hastings, 

June  8 

52 

Upper  crown 

2,845 

24.58 

Minn. 

to 

52 

Under  tree 

22,888 

Nov.  30 

26 

2  ft  from  tree 

19 

26 

10  ft  from  tree 

3 

1A11  brown  spot  conidia  were  counted  on  three  random  vertical   strips 
across  the  width  of  each  slide  using  a  microscope  at  430X. 


Table  4. — Total  number  of  brown  spot  conidia 
trapped  on  25  slides1  placed  under  and  at  var- 
ious distances  from  infected  Scotch  pine 
trees 


:  Distance 

and 

:  location 

from 

Conidia 

Total 

Study  area 

:  crown  edge  of 

trapped2 

rainfall 

:  infected 

trees 

Inches 

Number 

Inches 

Black  River 

10 

north 

42 

21.37 

Falls,  Wis. 

11 

east 

10 

8 

south 

8 

6 

west 

73 

0 

under 

tree 

1,891 

0 

under 

tree 

2,371 

Wild  Rose, 

8 

north 

1,803 

17.82 

Wis. 

7 

east 

3,233 

5 

south 

3,446 

1 

west 

3,552 

0 

under 

tree 

18,342 

0 

under 

tree 

21,279 

Boscobel, 

54 

north 

5 

15.54 

Wis. 

27 

east 

18 

54 

south 

13 

42 

west 

31 

0 

under 

tree 

3,063 

0 

under 

tree 

6,583 

XA  different  slide  was  exposed  during  each  of  25, 
7-day  time  intervals  between  May  3  and  October  25,  1971, 
at  each  location. 

All  brown  spot  conidia  were  counted  on  three  random 
vertical  strips  across  the  width  of  each  slide  using  a 
microscope  at  430X. 


12 


Brown-spot-infected  Scotch  pine  Christmas 
trees  cut  in  May  1970  released  spores  from 
May  20  to  September  28  as  seen  below: 


Table  5. — Effect  of  fungicide  treatment  on 
spore  discharge 


Spore  trapping  period1* 

Conidia 

trapped 

(Number) 

May  20  -  May   30 

1,927 

May  30  -  June   7 

1,152 

June   7   -  June   18 

5,084 

June  18  -  July   16 

7,617 

July  16  -  July   23 

573 

July  23  -  Aug.    7 

2,313 

Aug.    7   -  Aug.    22 

392 

Aug.    22  -   Sept.    10 

729 

Sept.    10  -   Sept.    28 

254 

Sept.    28  -  Oct.    28 

0 

Oct.    28  -  Nov.    30 

0 

Susceptible  seedlings  grown  under  these  cut 
trees  became  infected.   Therefore,  infected 
trees  that  are  cut  should  be  removed  from 
the  plantation  or  destroyed.   An  evaluation 
of  inoculum  remaining  in  a  plantation  after 

merchantable  and  unmerchantable  materials 
had  been  cut  revealed  that  branches  with 
infected  needles  remained  on  86  percent  of 
the  stumps  (N=50) .   Many  of  these  branches 
were  in  contact  with  adjacent  uncut  trees 
and  presumably  could  cause  infection  of 
these  trees.   Therefore,  all  infected  trees 
should  be  cut  below  the  bottom  whorl  of 
branches  to  reduce  this  potentially  important 
source  of  inoculum. 

The  incidence  of  trapped  brown  spot  spores 
under  infected  Scotch  pine  was  dramatically 
reduced  by  fungicide  treatment  (table  5) . 
Du-ter  and  Fundilan  fungicide  sprays  protected 
new  foliage  while  the  new  foliage  of  unsprayed 
trees  became  infected.   The  newly  infected 
foliage  produced  fruiting  bodies  and  released 
thousands  of  spores  in  the  latter  half  of 
the  growing  season.   The  fungicide-treated 
trees  produced  very  few  spores  by  comparison. 

The  decrease  in  spores  from  1970  to  1971 
for  the  Boscobel  area  was  not  due  to  fungi- 
cide control  (fig.  9).   Instead,  it  was  due 
to  extremely  heavy  infection  in  previous  years. 
As  a  result,  by  1971  many  trees  were  almost 
devoid  of  foliage  and  some  trees  actually 
lost  all  their  needles  and  died.   Because 
of  this  lack  of  infected  foliage,  there  were 


^Number  of  conidia  collected  under  re- 
cently cut  brown-spot-infected  Scotch  pine 
Christmas  trees.      Two  vaseline- covered  slides 
were  exposed  during  each  period. 


Spore    trappin 
period 

g 

:    Treatment 

Conidia 
trapped 

Apr.    19   -   June 

28 

Unsprayed 

Du-ter2 

Fundilan 

Number 
2,411 
1,146 
1,721 

June   28  -  Aug. 

L6 

Unsprayed 

Du-ter 

Fundilan 

2,247 

421 

82 

Aug.    16  -  Oct. 

4 

Unsprayed 

Du-ter 

Fundilan 

9,381 

478 

75 

j                . 

prevention  of  new  infection  and  mechanical 
reduction  of  inoculum  by  air  blast  at  time 
of  spraying. 

2Trees  sprayed  on  June  23,  1971,  with 
Du-ter  (12  oz  commercial/100  gal  water). 

3Trees  sprayed  on  June  23,  1971,  with 
Fundilan  (96  oz  commercial/ 100  gal  water). 


fewer  fruiting  bodies  present  so  the  number 
of  spores  released  in  1971  decreased  sharply. 

HOST  RANGE  STUDIES 

Methods 

The  potential  impact  of  the  brown  spot 
disease  on  conifer  species  in  the  Lake  States 
was  determined  by  field  inoculation  experi- 
ments.  Red  pine  (Pinus  resinosa   Ait.),  east- 
ern white  pine  (P.  strobus   L.),  jack  pine 
(P.  banksiana   Lamb.),  Austrian  pine  (P.  nigra 
Arnold) ,  white  spruce  (Picea  glauca    (Moench) 
Voss) ,  and  four  varieties  of  Scotch  pine  were 
exposed  to  natural  infection  by  planting  under 
heavily  infected  Scotch  pine  Christmas  trees 
or  windbreaks  in  five  different  areas  in 
Wisconsin  and  Minnesota  between  1970  and  1972. 
Longleaf  pine  (Pinus  palustris   Mill.)  was 
also  tested  for  susceptibility  because  it 
is  the  classical  host  for  the  brown  spot 
fungus  in  the  southern  United  States. 

These  trees  were  examined  for  symptoms 
of  brown  spot  infection  each  fall.   The  amount 
of  infection  present  in  current-year  and  1-yr- 
old  needles  was  recorded  according  to  the 
following  classification  system: 

0=no  infection; 

T=less  than  1  percent  of  needles  infected; 
1=1  to  25  percent  of  needles  infected; 
2=26  to  50  percent  of  needles  infected; 
3=51  to  75  percent  of  needles  infected;  and 
4=76  to  100  percent  of  needles  infected. 
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Isolations  were  made  periodically  from  infected 
needles  to  confirm  the  presence  of  the  brown 
spot  fungus. 

Results 

Spanish  and  French-green  Scotch  pine 
varieties  were  highly  susceptible  to  brown 
spot,  as  was  Austrian  pine  (table  6,  fig.  11). 
The  long-needled  Austrian  Hills  and  German 
varieties  of  Scotch  pine  varied  between 
moderately  susceptible  to  moderately  resist- 
ant, with  the  German  variety  being  the  most 
resistant  to  brown  spot. 

Red  pine,  which  was  moderately  suscep- 
tible, is  recognized  as  a  new  host  to  brown 
spot  infection  (Nicholls  and  Hudler  1972) 
(fig.  11) .   Older  red  pine  needles  were  more 
susceptible  to  infection  than  were  current- 
year  needles  (table  6).   In  addition,  red 
pine  appears  to  gain  resistance  as  it  grows 
older.   However,  brown  spot  could  cause 
serious  damage  to  red  pine  seedlings  grown 
in  nurseries  or  to  seedlings  out-planted 
among  or  adjacent  to  brown-spot-infected  Scotch 
pine  Christmas  tree  plantations  or  windbreaks. 


25  50  75 

NEEDLES  INFECTED  (PERCENT) 

Figure  11. — Range  of  conifer  susceptibility 
or  resistance   to  the  brown  spot  fungus. 


Table  6. — Average  degree  of  brown  spot  infection  of  conifer,  seedlings 
planted  under  brown-spot-infected  Scotch  pine  trees   located  near 
Black  River  Falls,    Wild  Rose,   and  Brodhead,    Wis.,   and  Hastings,   Minn. 


Species 

Month 

and  year 

of  evaluation 

Septemb 

er  1970 

Septemb 

2r  1971 

October  1972 

1969 

needles 

.1970  needles 

1970 

needles 

.1971  needles 

1971  needles 

1972  needles 

Degree: 

:Degree 

Degree: 

: Degree 

Degree 

Degree 

inf. 

1 .Trees 

:  inf. 

Trees 

inf. 

.Trees 

:  inf. 

.Trees 

inf. 

.Trees 

inf. 

.Trees 

N  writer 

Number 

Number 

Number 

Number 

Number 

Spanish  Scotch 

pine 

3 

119 

2 

158 

4 

73 

3 

150 

4 

9 

4 

58 

French-green 

Scotch  pine 

2 

96 

2 

149 

4 

40 

3 

138 

3 

22 

3 

113 

Austrian  Hills 

Scotch  pine 

2 

109 

1 

154 

3 

95 

2 

151 

1 

27 

1 

140 

German  Scotch 

pine 

L 

104 

1 

143 

2 

123 

1 

142 

1 

40 

1 

118 

Austrian  pine 

4 

117 

2 

1]0 

Red  pine 

i 

14  5 

0 

142 

3 

123 

T 

133 

3 

621 

T 

619 

White  pine 

T 

108 

0 

131 

1 

85 

T 

127 

1 

73 

1 

118 

Jack  pine 

T 

131 

0 

130 

1 

125 

T 

129 

T 

98 

0 

103 

Longleaf  pine 

1 

82 

— 

— 

1 

81 

White  spruce 

T 

89 

0 

91 

■'■Infection  code:      0=no   infection;    T=less   than  1  percent  of  needles   infected;    1=1   to   25  percent 
of  needles   infected;    2=26  to   50  percent   of  needles   infected;    3=51   to   75   percent  of  needles   infected; 
4=76   to  100  percent  of  needles   Infected. 
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Of  the  three  native  Lake  States  pine 
species,  red  pine  was  the  most  susceptible 
to  brown  spot,  white  pine  was  moderately  to 
highly  resistant,  and  jack  pine  was  highly 
resistant  (fig.  11).   Only  a  trace  of  infec- 
tion was  found  on  white  spruce. 


High  seedling  mortality  (20  to  83  per- 
cent) occurred  in  the  short-needled  Spanish 
and  French-green  Scotch  pine  varieties  after 
3  successive  years  of  heavy  defoliation 
caused  by  brown  spot.   There  was  very  little 
mortality  (3  to  5  percent)  in  the  long-needled 
German  and  Austrian  Hills  Scotch  pine  vari- 
eties.  These  results  agree  very  well  with 
the  average  degree  of  foliage  infection  for 
these  varieties  (table  6).   This  again  illus- 
trates the  high  resistance  of  long-needled 
Scotch  pine  varieties  to  brown  spot. 

Although  longleaf  pine  became  infected 
during  the  study,  it  was  still  quite  resistant. 
Evidence  indicates  that  there  are  races  of 
S.    aozcola   and  that  the  northern  race  is  not 
as  pathogenic  on  longleaf  pine  as  the  southern 
race  (Kais  1972) .   This  may  explain  the  re- 
sistance shown  by  longleaf  pine  in  this  study. 


FUNGICIDE  STUDIES 


Laboratory  Tests 


5.  Zinc  dimethyl-dithiocarbamate  (ziram) 
(Zerlate  76W) . 

6.  Methyl  1- (butyl  carbamoyl) -2-benzim- 
idazole  carbamate  (benomyl)  (Benlate  50W) . 

7.  Bis(dimethylthiocarbamoyl)  disulfide 
(thiram)  (Thylate  99W) . 

8.  Tetrachloroisophthalonitrile   (chloro- 
thalonil)  (Bravo  W75) . 

9.  A  mixture  of  chlorothalonil  plus 
0.025  percent  cycloheximide  (Fundilan  75W) . 

10.  Cuprous  oxide. 

11.  2-(thiocyanomethylthio)  benzothiazole 
(TCMTB  30W) . 

12.  2-(4-thiazolyl)  benzimidazole  (Tobaz 
25W). 

13.  Triphenyltin  hydroxide  (Du-ter  47. 5W). 

14 .  Alpha- ( 2 , 4-dichlorophenyl) -alpha- 
phenyl-5-pyrimidine  methanol  (Triarimol, 
EL-273). 

15.  1, 2-Bis(3-methoxy  carbonyl-2-thiourei- 
do)  benzene  (Topsin  7  0W) . 

16.  3-(3,5-dichlorophenyl)-5, 5-dimethyl 
oxazolidine-dione-2,4  (dichlozoline)  (Sclex  30W) 

17.  Piperazine-l,4-diyl-bis-l-(2,2,2- 
trichloroethyl)  formamide  (Cela  W524) . 

Bordeaux  mixture,  Du-ter,  Ziram,  and 
Benomyl  were  strongly  fungicidal  to  the  brown 
spot  organism  and  were  selected  for  preliminary 
field  evaluation.   Chlorothalonil  and  Fundilan 
were  tested  later  and  found  to  be  fungicidal 
to  S.    acicola   and  were  added  to  the  field 
test. 


Fifteen  fungicides  were  screened  in  the 
laboratory  for  activity  against  the  brown 
spot  fungus  using  the  modified  paper  disk 
bioassay  method  (Sharvelle  and  Pelletier  1956) . 
Different  amounts  of  fungicides  dissolved 
in  acetone  were  applied  to  small  filter  paper 
disks  (12.7  mm).   Each  disk  was  inoculated 
with  0.024  ml  of  a  suspension  of  brown  spot 
conidia.   The  inoculated  disks  were  placed 
in  petri  dishes  with  potato  dextrose  agar 
at  20°  C  for  5  days.   The  relative  density 
of  mycelial  growth  was  then  recorded.   If 
no  mycelium  was  observed  after  10  days, 
the  disk  was  removed  to  a  different  spot  on 
the  agar  and  turned  over  to  determine  whether 
the  test  material  was  fungicidal  or  fungistatic 
to  S.    aciaola.      The  fungicides  tested  were: 


1.  Manganous  ethylenebis  [dithiocarbamate] 
(maneb)  (Manzate  70W). 

2.  Bordeaux  mixture  (8-8-100). 

3.  /!/-[( trichloromethyl)  thio]phthalimide 
(folpet)  (Phaltan  50W) . 

4 .  Cis-N- (1,1,2, 2-Tetrachloroethylthio) 
-4-cyclohexene-l , 2-dicarboximide  (captaf ol) 
(Difolatan  4F) . 


Field  Tests  and  Results 

Wautoma  Area 

The  study  area  near  Wautoma,  Wisconsin, 
was  a  10-yr-old  Christmas  tree  plantation 
that  contained  6-ft-tall  French-green  Scotch 
pine  heavily  infected  with  the  brown  spot 
fungus.   All  fungicides  were  applied  with 
a  backpack  mist  blower  at  the  rate  of  1  pt/tree 
(fig.  12). 

1970. — Fungicides  tested  were  Bordeaux 
mixture  (8-8-100),  Du-ter  (12  oz  commercial/100 
gal  water) ,  benomyl  (12  oz/100  gal  water) , 
and  ziram  (96  oz/100  gal  water) .   DuPont  sur- 
factant F  was  added  to  the  benomyl,  and  DuPont 
spreader-sticker  was  added  to  the  ziram. 

Four  different  spray  schedules  were  tested 
with  each  fungicide:   (1)  trees  sprayed  on 
May  20  only;  (2)  trees  sprayed  on  June  25 
only;  (3)  trees  sprayed  on  May  20  and  June  25; 
and  (4)  trees  sprayed  on  May  20,  June  25, 
and  August  18. 
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Each  treatment  was  applied  to  a  row  of 
10  trees  in  each  of  3  replications  in  a  mod- 
ified randomized  block  design.   Each  row  of 
sprayed  trees  was  separated  from  other  treated 
rows  by  a  buffer  row  of  unsprayed  trees. 
Ten  unsprayed  trees  were  included  in  each 
replication  as  a  control. 

Treatments  were  evaluated  on  September  21, 
1970,  and  again  on  May  26,  1971.   Each  tree 
was  examined  for  brown  spot  symptoms  and  was 
assigned  a  disease  rating.   Only  1970  needles 
were  rated.   The  rating  system  was: 

0=no  infected  needles  present; 
1=1  or  2  branches  with  infected  needles; 
2=several  branches  with  infected  needles;  and 
3=tree  heavily  infected  (over  25  percent 
of  branches  with  infected  needles) . 

Trees  rated  0  or  1  were  classified  as  merchant- 
able Christmas  trees. 


Evaluations  made  in  fall  1970  and  spring 
1971  showed  that  all  fungicides  tested  gave 
excellent  control  of  brown  spot  on  trees 
sprayed  in  June,  May- June,  or  May- June-August 
(figs.  13  and  14).   The  May-only  treatment 
was  not  effective  because  the  new  needles 
had  not  emerged  from  the  needle  sheath  at 
time  of  spraying.   There  was  no  evidence  of 
disease  eradication  by  any  of  the  test  fun- 
icides  when  applied  in  May  only.   The  June- 
only  spray  was  the  most  economical.   No 
evidence  of  additional  disease  control  re- 
sulted from  the  August  spray.   Although 
spore-dissemination  studies  showed  spores 
being  cast  during  late  summer,  there  was  no 
evidence  of  increased  brown  spot  symptoms 
between  the  fall  and  spring  evaluations. 

1971. — The  same  fungicides  and  concen- 
trations were  used  but  the  spray  schedules 
were  adjusted  on  the  basis  of  the  1970  test 
results.   The  spray  schedules  were:   (1)  trees 
sprayed  on  June  25  only;  (2)  trees  sprayed 
on  August  12  only;  and  (3)  trees  sprayed  on 
June  25  and  August  12.   The  tree?  were  eval- 
uated for  brown  spot  symptoms  on  October  6, 
1971,  using  the  same  rating  system  used  in 
1970. 

The  1971  results  were  similar  to  those 
from  1970.   All  fungicides  were  effective 
using  the  June  25  spray.   The  August-only 
spray  was  not  effective  because  infection 
took  place  before  fungicide  use.   There  was 
a  rapid  buildup  of  brown  spot  infections  on 
the  August-sprayed  trees.   The  inoculum  for 


this  probably  came  in  part  from  the  unsprayed, 
heavily  infected  trees  on  each  side  of  the 
test  row. 


Trempealeau  Area 

In  1971  a  new  brown  spot  fungicide  test  was 
installed  in  a  heavily  infected  11-yr-old 
Scotch  pine  plantation  near  Trempealeau, 
Wisconsin.   The  stand  was  a  mixture  of  short- 
needled  varieties,  with  Spanish  and  French- 
green  predominating.   All  fungicides  were 
again  applied  with  a  backpack  mist  blower 
at  the  rate  of  1  pt  fungicide/tree. 

Four  fungicides  were  used  in  the 
Trempealeau  test:   Bordeaux  mixture  (8-8-100), 
Du-ter  (12  oz  commercial/100  gal  water) , 
Fundilan  (96  oz/100  gal  water) ,  and  ziram 
(96  oz/100  gal  water) .   DuPont  spreader- 
sticker  was  again  added  to  the  ziram. 

Spray  schedules  were:   (1)  trees  sprayed 
June  23  only;  and  (2)  trees  sprayed  June  23 
and  August  10. 

Each  treatment  was  applied  to  a  10-tree 
row  in  each  of  3  replications.   Treated  rows 
were  separated  by  a  buffer  row  of  unsprayed 
trees.   Thirty  trees  were  included  in  each 
replication  as  a  control.   Treatments  were 
evaluated  on  October  5,  1971,  with  the  same 
rating  system  used  at  Wautoma. 

Fundilan  was  the  only  fungicide  that 
gave  satisfactory  control  under  the  extreme 
infection  hazard  present  in  this  plantation 
(table  7).   Again,  the  June-only  spray  was 
about  equal  in  effectiveness  to  the  June  and 
August  spray. 

Pilot  Test 

In  1972  a  pilot  test  of  fungicides  was 
installed  in  Christmas  tree  plantations  near 
Black  River  Falls  and  Poy  Sippi,  Wisconsin, 
using  large  air-blast  mist  blowers.   Both 
plantations  were  Scotch  pine,  variety  unknown, 
4  to  8  ft  tall. 


The  Black  River  Falls  plantation  was 
sprayed  on  June  14,  1972,  with  Bordeaux  mix- 
ture (8-8-100)  and  Bravo  W75  at  96  oz/100  gal 
water.   The  Bordeaux  mixture-treated  area 
was  1.5  acres,  the  Bravo  area  was  0.4  acre, 
and  the  unsprayed  area  was  0.9  acre.   On 
October  10,  1972,  100  trees  in  each  area  were 
selected  at  random  and  evaluated  using  the 
same  rating  system  as  in  prior  studies.   The 
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Figure   7. — Weather  stations,    located  in 
Christmas  tree  plantations,   were  used  to 
correlate  weather  with  infection  periods 
and  with  seasonal  development  of  the  brown 
spot  fungus. 


Figure  8. — Vaseline -coated  microscope  slide 
used  to  collect  conidia  of  the  brown 
spot  fungus. 
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Figure  13. — Scotch  pine  sprayed  with  Bordeaux 
mixture  for  control  of  brown  spot.      Compare 
with  the  neighboring  untreated  tree  in 
figure   14. 


Figure  14. — Unsprayed  Scotch  pine  with  severe 
symptoms  of  brown  spot  needle  blight. 


Figure  12. — Test  fungicides  were  applied  with 
a  backpack  mist  blower  at  the  rate  of 
1  pt/tree. 
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Table  7. — Brown  spot  fungicide  test,   Trempealeau,    Vis.,   1971 


Fungicide 
formulation 

■   Rate/ 
100  gal 

Spray 
applications1 

Folia 

ge  disease  rating 

Spring  1971 

Fall  1971 

■   (oz) 

before  spr 

aying 

after  spraying 

Du-ter 

J0 

0 

42.9 

3.0 

47.5  WP 

12 

1 

3.0 

2.7 

12 

2 

2.9 

2.1 

Bordeaux 

0 

0 

3.0 

2.8 

8-8-100 

(5) 

1 

3.0 

1.9 

(5) 

2 

2.9 

2.1 

Fundilan 

0 

0 

3.0 

3.0 

75  WP 

96 

1 

2.9 

1.0 

96 

2 

2.9 

0.8 

Ziram 

0 

0 

3.0 

3.0 

76  WP 

96 

1 

2.8 

2.7 

96 

2 

3.0 

3.0 

*The  1  spray  was  applied  on  June  23, 1971, the  2  sprays  were  applied 
on  June  23  and  August  10,  1971. 


Each  rating  is  based  on  the  average  disease  score  on  30  trees, 
Unsprayed. 


Damage  from  brown  spot  was  rated  on  a  visual  scale  of  0  to  3.   Trees 
rated  0  or  1  would  be  classified  as  merchantable  Christmas  trees. 

5Bordeaux  mixture  was  8  lb  copper  sulfate  and  8  lb  lime/100  gal  water. 


results  showed  Bravo  to  be  superior  to  Bor- 
deaux mixture  (table  8)  but  neither  treatment 
was  completely  satisfactory.   There  was  ev- 
idence that  the  trees  in  the  center  of  the 
sprayed  areas  did  not  receive  adequate  cov- 
erage.  There  were  33  rows  of  trees  between 
road  systems,  and  this  is  considered  to  be 
too  great  a  distance  for  complete  foliage 
coverage. 


The  plantation  near  Poy  Sippi  was 
sprayed  on  June  15,  1972.   Three  treatments 
were  tested:   (1)  Bravo  W75  at  96  oz/100  gal 
water  (plot  size  2.25  acres);  (2)  Bravo  W75 
at  48  oz/100  gal  water  (plot  size  2.25  acres); 
and  (3)  unsprayed  area  (2.35  acres).   The 
road  system  was  approximately  every  20  rows. 
On  October  11,  1972,  a  random  sample  of  100 
to  200  trees  from  each  treatment  was  rated 


Table  8. — Brown  spot  pilot  fungicide  test  using  air-blast  mist 
blower,   Black  River  Falls,    Wis.,    sprayed  on  June   14, 
1972 


Fungicide 

Rate/ 

Sample 

Spray 

Folia 

ge  disease 
f  fall  1972 

formulation 

100  gal 

size 

applications 

rating 

Ounces 

Number 

Number 

Bordeaux 

8-8-100 

(2) 

100 

1 

2.0 

Bravo 

75  WP 

96 

100 

1 

1.7 

No  spray 

— 

100 

0 

2.5 

1  Damage  from  brown  spot  was  rated  on  a  visual  scale  of  0  to  3. 
Trees  rated  0  or  1  would  be  classified  as  merchantable  Christmas  trees, 

2Bordeaux  mixture  was  8  lb  copper  sulfate  and  8  lb  lime/100  gal 
water. 
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for  brown  spot  symptoms.   At  Poy  Sippi  Bravo 
gave  excellent  control  (table  9) .   The  better 
control  at  Poy  Sippi  as  compared  to  the  Black 
River  Falls  plots  can  be  attributed  to  more 
uniform  fungicide  coverage  of  the  foliage. 
The  plantation  access  roads  at  Poy  Sippi 
were  closer  together  and  the  mist  blower 
was  more  powerful  than  the  equipment  used 
at  Black  River  Falls. 


Fungicide  Control  Summary 

Based  on  3  yrs  of  fungicide  trials,  we 
conclude  that  all  of  the  fungicides  tested 
will  give  adequate  control  in  light  to  mod- 
erately infected  plantations  if  applied  when 


the  newly  emerging  needles  are  approximately 
half  their  total  length.   In  heavily  infected 
plantations  where  the  inoculum  potential  is 
high,  a  second  spray  may  be  needed  3  to  4 
weeks  later.   In  these  heavily  infected  plan- 
tations only  the  more  effective  fungicides 
will  give  adequate  control.   In  order  of  ef- 
fectiveness, these  are:   Fundilan,  Bravo, 
and  Bordeaux  mixture.   At  present,  Fundilan 
is  not  available  in  the  United  States  and 
is  not  registered  for  use  on  the  brown  spot 
disease.   It  therefore  cannot  be  recommended 
at  this  time.   Bravo  and  Bordeaux  mixture 
are  registered  for  brown  spot  needle  disease 
control  and,  when  used  at  the  proper  time 
with  good  foliage  coverage,  will  give  excel- 
lent control  of  the  brown  spot  disease. 


Table  9. — Brown  spot  pilot  fungicide  test  using  .air-blast 
mist  blower,   Poy  Sippi,    Wis.,   June   15,    1972 


Fungicide 
formulation 


Rate/ 
100  gal 


Sample 
size 


Spray 
appli- 
cations 


Foliage  disease 
rating*  fall  1972 


Ounces         Number       Number 
Bravo  7  5  WP      96       200        1 
Bravo  75  WP     48       200        1 
No  spray ~ 10C) 0 


0.4 

0.7 
2.4 


Damage  from  brown  spot  was  rated  on  a  visual  scale  of  0 
to  3.  Trees  rated  0  or  1  would  be  classified  as  merchantable 
Christmas  trees. 
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THIS  IS  ANOTHER  OF  OUR  "NEW  LOOK"  RESEARCH  PAPERS, 
designed  (hopefully)  to  serve  the  special  needs  of  each 
of  our  two  major  clients:  the  practitioner  and  the 
scientist. 

Realizing  that  the  needs  and  interests  of  our  two 
major  "cl ients"--the  scientists  and  the  practitioner-- 
are  different,  we  have  been  concerned  whether  our  publi- 
cations have  been  in  a  form  and  style  equally  useful  to 
both.  So  we  have  decided  to  try  a  new  format  for  some 
of  our  Research  Papers,  one  that  might  serve  this  dual 
purpose  better.  You  are  about  to  sample  the  first  fruit 
of  this  effort. 

The  Paper  is  divided  into  two  separate  parts: 
Application  and  Documentation.  The  Application  section 
is  specifically  intended  for  the  man  on  the  ground  or  in 
the  mill  who  has  a  particular  job  to  do  or  problem  to 
solve.  This  section  describes  briefly  the  situation  and 
the  problem,  and  then  goes  immediately  to  the  solution, 
emphasizing  the  how-to-do-it  aspect.   It  is  a  complete 
story  in  itself;  the  busy  manager  need  read  no  further. 

The  Documentation  section  describes  the  details  of 
the  research  process.   It  is  for  the  reader  interested 
in  laboratory  and  field  procedures,  tabulations,  statis- 
tical analysis,  and  philosophical  discussion.  This 
section,  too,  is  self-contained. 

Our  purpose  is  to  separate  the  practical  aspects  of 
our  research  results  from  the  strictly  academic  ones  yet 
still  make  both  available  to  all  readers.   If  the  prac- 
titioner wants  to  find  out  how  we  arrived  at  our  recom- 
mendations, the  details  are   in  the  Documentation  section 
for  him  to  examine.   If  the  scientist  has  a  practical 
bent,  he  can  turn  to  the  Application  section  and  see  the 
results  in  action. 

It  is  for  you  to  decide  whether  we  have  created  a 
well -matched  team  or  a  two-headed  monster.  We  would 
like  to  have  your  opinion. 
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CONTROL  OF  LOPHODERMIUM   NEEDLECAST  DISEASE  IN  NURSERIES 
AND  CHRISTMAS  TREE  PLANTATIONS 

Thomas  H.  Nicholls  and  Darroll  D.  Ski  "I  ling 


INTRODUCTION 

These  recommendations  are  based  upon 
studies  initiated  by  the  USDA  Forest  Service 
as  a  result  of  an  outbreak  of  Lophodermium 
needlecast  in  several  nurseries  in  the  Lake 
States  that  spread  to  plantations  throughout 
the  United  States  due,  in  part,  to  shipments 
of  diseased  seedlings  during  the  late  1960's 
and  early  1970's.   Results  have  been  pub- 
lished at  various  stages  of  these  studies 
(see  References,  page  11). 

Nurseries  adopting  control  recommenda- 
tions developed  and  refined  during  the 
course  of  these  studies  were  again  pro- 
ducing healthy  stock  by  1969-1971  (figs.  1, 
2,  and  3).   This  publication  is  intended  to 
provide  a  summation  of  these  recommendations 
to  be  used  by  nursery  and  plantation  manag- 
ers for  designing  operational  control  pro- 
grams patterned  to  their  particular  needs. 


EXTENT  OF  DAMAGE 

During  1966  and  1967,  millions  of  red 
pine  (Pinus  resinosa   Ait.)  and  Scotch  pine 
(P.    sylvestris   L.)  seedlings  in  several 
nurseries  in  Minnesota,  Wisconsin,  and 
Michigan  were  killed  or  severely  damaged 
by  the  needlecast  fungus,  Lophodermium 
pinastri   Schrad.  ex  Fr.  Chev.  (figs.  4  and 
5). 


Lophodermium   has  been  reported  in  at 
least  30  tree  nurseries  in  Maine,  Michigan, 
Wisconsin,  Minnesota,  Washington,  West 
Virginia,  Pennsylvania,  North  Carolina, 
South  Carolina,  Ontario,  and  Nova  Scotia 
(fig.  6).   The  disease  has  probably  in- 
fected nurseries  in  many  other  States. 
Many  commercial  tree  nurseries  ship  stock 
throughout  the  entire  United  States.   As  a 
result,  Lophodermium   has  appeared  in  plan- 
tations wherever  climatic  conditions  are 
conducive  to  disease  development. 


In  1970,  serious  damage  from  L.    pinastri 
began  to  appear  in  Scotch  pine  Christmas 
tree  plantations  in  the  Lake  States  Region 
(fig.  7).   By  1971  Lophodermium   needlecast 
was  causing  catastrophic  damage  in  planta- 
tions from  the  New  England  States  to  the 
West  Coast  (Skilling  and  Nicholls  1971). 


The  disease  has  damaged  plantations  in 
such  diverse  locations  as  British  Columbia, 
Connecticut,  Indiana,  Michigan,  Wisconsin, 
Massachusetts,  Washington,  North  Carolina, 
South  Carolina,  Ohio,  Pennsylvania,  Vermont, 
New  York,  Kentucky,  Oregon,  Minnesota,  and 
West  Virginia  (fig.  6).   Several  million 
trees  were  made  unsalable  by  this  disease. 
Therefore,  Scotch  pine  plantations  through- 
out the  United  States  and  Canada  should  be 
closely  watched  for  Lophodermium   infection. 
If  detected,  control  measures  for  use  in 


Figure  6. — Shaded  States  denote  destribution  of  L.  pinastri  in  Scotch 
pine  Christmas   tree  plantations.      States  with  black  dots  have  had 
outbreaks  of  Lophodermlum  in  nurseries  growing  red  pine,   Scotch 
pine,    or  both. 


plantations  should  be  started  as  soon  as 
possible  (fig.  8). 


Before  these  attacks,  L.    pinastri   had 
not  been  considered  an  important  pathogen 
of  either  red  or  Scotch  pine  in  the  United 
States  even  though  it  long  has  been  con- 
sidered a  serious  problem  in  Scotch  pine 
nurseries  and  plantations  in  Europe.   There 
had  been  only  one  report  attributing  damage 
by  it  in  this  country:   to  red  pine  in  a 
Massachusetts  nursery;  this  report  was  pub- 
lished by  Spaulding  in  1935.   The  increased 
use  of  Scotch  pine  in  the  United  States  in 
both  nurseries  and  plantations  for  Christ- 
mas trees  may  have  contributed  to  the  rath- 
er sudden  buildup  of  the  pathogenic  strain 
in  this  country. 

Millar  and  Watson  (1971)  recently  re- 
ported on  two  L.    pinastri    strains  found  on 


Scotch  pine  in  Scotland.   Both  might  be 
present  in  Europe  and  the  United  States. 
One  strain  seems  to  be  entirely  saprophyt- 
ic, attacking  only  older  needles  that  are 
in  poor  vigor.   The  other  strain,  however, 
is  pathogenic  and  can  attack  healthy 
needles  of  all  ages.   It  is  this  strain 
that  is  currently  causing  the  problem. 


SUSCEPTIBLE  HOSTS 

Red  and  Scotch  pines  are  most  suscep- 
tible to  L.    pinastri.      The  short-needled 
Scotch  pine  varieties  are  highly  suscep- 
tible to  damage  by  the  fungus.   Long- 
needled  Scotch  pine  varieties  are  more 
resistant,  but  this  could  change  if  certain 
genetic  changes  occur  in  either  the  host  or 
fungus  that  might  increase  the  suscepti- 
bility of  a  variety. 
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SYMPTOMS  AND  LIFE  HISTORY 


Brown  spots,  often  with  yellow  margins, 
are  produced  on  needles  in  the  spring  as  a 
result  of  the  previous  year's  infection 
(fig.  9).   These  infected  needles  begin 
yellowing  and  turning  brown  in  late  April, 
May,  and  June.   The  damage  is  more  severe 
on  the  lower  parts  of  trees,  but  it  is  not 
unusual  for  all  the  foliage  to  be  infected 
(fig.  10).   The  disease  can  be  distinguished 
from  winter  burn  because  only  the  foliage 
above  the  snowline  turns  brown  on  winter- 
burned  trees  (fig.  11).   On  some  trees  both 
winter  burn  and  Lophodermium   may  be  found. 


Lophodermium   fruiting  bodies  develop  on 
the  brown  needles  that  fall  off  trees  in 
June  and  July,  many  of  which  lodge  in  the 
trees.   They  also  develop  on  dead  needles 
still  attached  to  tree  branches.   These 
fruiting  bodies  mature  by  late  August  and 
look  like  tiny,  black,  football-shaped 
structures  having  a  longitudinal  slit 
down  the  center.   During  rainy  weather 
in  August,  September,  and  October,  these 
fruiting  bodies  absorb  moisture,  their 
slits  open,  and  their  fungus  spores  are 
forcibly  discharged  into  the  air  (fig.  12). 
When  these  windborne  spores  land  on  red  or 
Scotch  pine  needles,  the  spores  germinate 
and  infect  the  needles  if  environmental 
conditions  are  favorable.   Control  measures 
must  be  taken  before  this  time  if  foliage 
is  to  be  protected. 


By  late  fall,  most  of  the  dead  needles 
are  cast,  which  leaves  only  the  current-year 
needles  on  the  trees  (fig.  13).   Trees  in 
this  condition  are  unsalable  as  Christmas 
trees.   In  nurseries,  there  is  often  high 
mortality  in  young  seedlings  (fig.  5).   In 
nurseries  as  well  as  plantations,  most  older 
trees  survive  by  the  development  of  new 
needles  the  following  spring.   These  new 
needles  become  infected  in  late  summer  and 
fall  and  the  disease  cycle  is  repeated. 


EARLY  DETECTION  VITAL 

Nurseries  and  plantations  should  be 
closely  watched  for  outbreaks  of  Lopho- 
dermium,   particularly  in  the  spring  when 
symptoms  are  most  evident  (fig.  14).   Train 
workers  to  be  alert  for  infected  trees  on 


LOPHODERMIUM  SPORE  RELEASE  DATA  FOR  MINNESOTA,  WISCONSIN, 
MICHIGAN,  INDIANA  1969  -  1972 


16,000  • 

M,000  <> 

i     12,000<' 

CD 

g     10,000  it 

o 

CD 

£ 

^      8,000  n 

UJ 

<=) 

CD 

3      6,000  «> 

ce 

4,000  <> 

2,000  <i 

n  <► —> 

JAN  FEB  MAR  APR  MAY  J 


Figure  12. — Combined   Lophodermium  spore 
release  data  obtained  in  nurseries  and 
Christmas   tree  plantations  in  Minnesota, 
Wisconsin,   Michigan,    and  Indiana,    1969- 
1972.      For  effective  control,   fungicides 
must  be  applied  to  foliage  gust  before 
and  during  the  major  spore  dispersal 
period  which  begins  in  August  and  con- 
tinues into  October.      September  is  the 
key  month  for  spore  release  and  infection 
in  all  four  States  in  both  nurseries  and 
plantations . 


which  over  20  percent  of  their  total  foli- 
age is  brown  in  May  or  June.   When  such 
trees  are  detected,  contact  the  local  Ex- 
tension Forester  or  Forest  Pest  Management 
office  to  arrange  for  positive  identifica- 
tion by  a  plant  pathologist.   This  service 
is  usually  available  free  from  the  follow- 
ing agencies:   Plant  Disease  Clinics,  De- 
partments of  Plant  Pathology,  State  Uni- 
versities; Plant  Pest  Divisions,  State 
Departments  of  Natural  Resources  or  Agri- 
culture; or  Forest  Pest  Management,  State 
and  Private  Forestry,  USDA  Forest  Service. 


Early  detection  will  prevent  serious 
economic  losses  for  growers  because  control 


can  be  achieved  faster  in  lightly  infected 
nurseries  and  plantations.   It  is  essential 
that  the  protective  fungicide  be  applied 
before  the  fungus  spores  discharged  by  the 
fruiting  bodies  land  on  healthy  needles 
during  rainy  periods  in  August,  September, 
and  October  (fig.  12). 


In  plantations,  it  usually  takes  2  to  3 
yrs  for  Lophodermium   to  reach  epidemic 
status  because  the  disease  might  subside 
during  dry  years  and  then  increase  in 
severity  as  soon  as  normal  moisture  condi- 
tions return.   In  nurseries  where  irriga- 
tion is  used  and  where  seedlings  are  grown 
in  densely  packed,  moist  beds,  the  disease 
can  reach  epidemic  conditions  each  year. 


HOW  TO  APPLY  FUNGICIDES 

When  Not  To  Spray 

Fungicides  should  not  be  applied  during 
rain  because  it  will  wash  off  before  it  has 
an  opportunity  to  dry  on  the  needles.   Once 
dried,  fungicides  resist  rainfall;  chloro- 
thalonil  more  so  than  maneb.   Moreover, 
there  is  some  evidence  that  rain  redistrib- 
utes chlorothalonil  residues  over  the  foli- 
age after  it  has  dried  on  needles.   Do  not 
spray  when  it  is  windy  because  this  prevents 
even  foliage  coverage.   Do  not  spray  planta- 
tions that  do  not  show  signs  of  Lophodermium 
infection  unless  they  are  in  danger  of  in- 
fection from  adjacent  infected  plantations. 


When  To  Spray 

The  exact  timing  of  control  procedures 
may  vary  somewhat  with  geographical  location. 
The  following  recommended  spray  schedules 
apply  generally  to  the  Lake  States  and  North- 
eastern States.   For  other  areas,  determine 
the  major  Lophodermium   spore  release  and  in- 
fection periods  and  apply  one  of  the  recom- 
mended fungicides  before  spore  release  and 
follow  with  other  sprays  at  2-  to  3-week 
intervals  during  the  major  spore-release 
periods. 


Nursery. — For  maximum  control,  four 
sprays  should  be  applied  just  before  and 
during  the  period  when  Lophodermium   fruiting 
bodies  are  mature  and  spores  are  released 
(fig.  12).   Sprays  should  be  applied  about 


August  1,  and  15,  and  September  1,  and  15. 
In  areas  where  infection  is  high,  an  October 
1  spray  may  also  be  required  if  there  is 
prolonged  rainy  weather. 


Plantations . — -Infected  plantations 
should  be  sprayed  three  times:   about  July 
25  (when  new  foliage  is  fully  elongated), 
about  August  15,  and  about  September  10. 
An  additional  spray  in  late  September  or 
early  October  may  be  required  if  there  is 
unusually  wet  weather  during  this  period. 

Nursery  stock  has  high  value  per  acre; 
therefore,  it  is  economically  feasible  to 
invest  in  the  more  intensive  spraying 
schedule  recommended  for  nurseries,  which 
would  be  impractical  for  plantations.   The 
objective  for  using  fungicides  in  nurseries 
is  complete  control  to  ensure  that  more 
plantations  will  not  be  infected  by  the 
introduction  of  diseased  seedlings.   The 
objective  for  using  fungicides  in  planta- 
tions is  to  produce  healthy  trees  having 
dense  foliage  that  will  be  salable  on 
Christmas  tree  lots,  which  the  recommended 
spray  schedule  will  do  effectively. 


What  To  Use 

Two  fungicides  are  currently  registered 
for  control  of  Lophodermium   needlecast: 
chlorothalonil  (tetrachloroisophthalonitrile) 
(Bravo  W-75,  Daconil  2787,  Bravo  6F)  and 
maneb  (Manganese  ethylene  bisdithiocarbamate) 
(Manzate  200,  Manzate  D,  Dithane  M-22,  Dith- 
ane  M-45).1   Both  are  easy  to  handle,  non- 
corrosive  to  spray  machinery,  relatively 
safe,  and  have  proved  effective  in  control- 
ling Lophodermium   in  tree  nurseries  and 
Christmas  tree  plantations.   Both  are  com- 
patible with  wettable  powder  formulations  of 
most  commonly  used  fungicides,  insecticides, 
and  miticides.   Follow  label  for  emulsifiable 
formulations. 


Benomyl  (methyl  l-(butylcarbamoyl)-2- 
benzimidazolecarbamate)  (Benlate)  provides 
excellent  Lophodermium   control,  but  it  has 
not,  as  yet,  been  registered  for  this  use 
(Nicholls  1973). 


^■Mention  of  trade  names  does  not  con- 
stitute endorsement  of  the  products  by   the 
USDA  Forest  Service. 
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Figure  1. — Maneb-protected  2-0  red  pine  in 
the  foreground;   unprotected  beds  in  the 
background.      Heavy  mortality  caused  by 
L.  pinastri  occurred  in  the  unprotected 
trees.      (Picture   taken  in  June  1969.) 
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Figure  3. — Infrared  picture  of  2-0  red  pine. 
Beds   that  are  bright  red  had  been  sprayed 
with  maneb  and  are  healthy  as  indicated 
by   the  red  color.      The  bed  that  is  not 
bright  red  was  not  sprayed  and  the   trees 
were  killed  or  heavily  damaged  by   L.  pin- 
astri as  indicated  by  the  tannish-brown 
color  of  the  foliage.      (Picture   taken  in 
May   1969.) 
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Figure  2. — Maneb- treated  3-0  red  pine  are 
healthy.  The  bed  to  the  left,  with  the 
brown  trees,  was  not  sprayed  with  maneb 
and  the  trees  were  heavily  infected. 
Note  that  some  infected  trees  are  re- 
covering by  development  of  the  terminal 
bud.      (Picture  taken  in  June   1969. ) 
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Figure  4. — Three-yr-old  red  pine  infected 
with   L.  pinastri  in  a  Wisconsin  nursery. 
Whole   tree  beds  turned  brown  in  several 
nurseries  during  the  spring  of  1966. 


Figure  5. — Spanish  Scotch  pine  seedlings  in 
a  Michigan  nursery  killed  by   L.  pinastri 
during  June   1968. 


Figure  8. — The  Scotch  pine  on  the  left  was  an 
unspvayed  tree  and  the  one  on  the  right  was 
sprayed  three  times  in  late  summer  and  fall 
with  a  fungicide  and  was  protected  from 
infection. 
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Figure  7. — A  Spanish  Scotch  pine  Christmas 
tree  plantation  heavily  infected  with 
Lophodermium  needlecast .      (Picture  taken 
in  May  1973. ) 


Figure  9. — Needle  spots  on  red  pine  caused  by) 
L.  pinastri.  The  fungus  eventually  destroy 
the  vascular  system  in  needles  after  which 
entire  needles   turn  brown. 
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Figure  10. — L.  pinastri-infeeted  Scotch  pine 
Christmas  tree.  (Picture  taken  during  the 
spring  of  197 S. ) 


Figure  13. — %  Zate  summer  and  fall  only 
current-year  needles  remain  on  heavily 
infected  trees.      Such  trees  are  of  poor 
quality  and  not  salable  as  Christmas 
trees. 


Figure  11. — A  winter-burned  Scotch  pine 
Christmas  tree  during  the  spring  of  1972. 
Note  how  the  branches  that  were  below  the 
snowline,  and  protected  from  the  wind  and 
sun,  remained  green.  Compare  this  to 
figure  10  where  Lophodermium  has  infected 
all  of  the  foliage  including  the  branches 
next  to  the  ground. 


Figure  14. — Here  a  nursery  manager  is  closely 
checking  for  the  presence  of  L.  pinastri  on 
red  pine  nursery  stock  under  the  guidance 
of  a  plant  pathologist.     Early  detection 
and  control  of  Lophodennium  will  prevent 
serious  economic   losses. 


Figure  15. — A  highboy  hydraulic  sprayer  used 
by  some  Christmas  tree  growers  to  apply 
fungicides   to  tree  foliage. 


Figure  17. — In   large  plantations  aerial 
spraying  may  be  the  most  economical 
method  of  applying  a  control  fungicide, 
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Figure  16. — A  roto-blast  mist  blower  is 
generally  the  most  economical  method  of 
applying  a  fungicide  in  Christmas   tree 
plantations  for  Lophodermium  control. 
In  some  situations,   aircraft  application 
may  be  somewhat  more  economical   (see 
fig.    17). 
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Figure  18. — Hydraulic  sprayers  are  used  by 
nurseries  to  apply  maneb  or  chlorothalonil 
to  red  and  Scotch  pine  beds  for  Lopho- 
dermium control. 
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Some  States  have  restrictions  on  the  use 
of  certain  pesticides.   Check  your  State  and 
local  regulations.   You  should  consult  your 
county  agricultural  agent  or  State  extension 
specialist  to  be  certain  the  intended  use  has 
been  or  is  still  registered  because  registra- 
tions of  pesticides  are  under  constant  review 
by  the  Federal  Environmental  Protection 
Agency. 

Bordeaux  mixture,  which  has  been  used 
extensively  for  control  of  brown  spot 
(Scirrhia  aaioola)    in  Christmas  tree  plan- 
tations, is  not  effective  against  Lopho- 
dermium   and  is  not  recommended. 


Application  Equipment 

Most  Christmas  tree  growers  use  hydraulic 
sprayers,  mist  blowers,  or  aircraft  for  fun- 
gicide spraying  (figs.  15,  16,  and  17)  while 
most  nurserymen   use  hydraulic  sprayers  (fig. 
18).   To  be  effective,  sprayers  must  be  op- 
erated at  sufficient  pressure  to  completely 
moisten  all  tree  foliage.   A  tank  agitator 
is  recommended  to  ensure  uniform  dispersion 
of  the  fungicide;  this  prevents  the  fungicide 
from  settling  to  the  bottom  of  the  tank.   The 
agitator  should  be  operated  while  (a)  the 
tank  is  filling  with  water,  (b)  the  fungicide 
is  being  added,  and  (c)  the  fungicide  is 
being  applied. 


Chemical  Concentrations 
And  Methods  of  Application 

As  shown  in  table  1,  chlorothalonil  or 
maneb  should  be  applied  at  the  rate  of  2-1/2 
lb  commercial/acre  in  100  gal  of  water  using 
a  h   aulic  sprayer.   If  flowable  chloro- 
thalonil is  used,  2-1/2  pt  in  100  gal  of 
water  would  be  required.   A  surfactant  (such 
as  DuPont  spreader-sticker)  is  needed  for 
maneb;  the  amount  needed  is  4  oz/100  gal  of 
water.  A  spreader- sticker  is  not  needed  for 
ch loro tha loni I . 


Nurseries. — Spray  nozzles  on  hydraulic 
sprayers  should  be  held  within  15  to  20  in. 
of  the  trees.   Nozzles  should  be  spaced 
about  20  in.  apart  on  the  spray  boom.   De- 
pending upon  the  age  class  of  the  trees 
being  sprayed,  the  boom  can  be  lowered  or 
raised  to  provide  full  coverage  of  the  foli- 
age.  About  2-1/2  lb  of  fungicide  in  100  gal 
of  water  will  cover  about  an  acre  if  a  flat 


Table  1. — Amount  of  commercial  maneb  or 
chlorothalonil    (wettable  powder)   needed 
to  control   Lophodermium  according  to 
different  kinds  of  application  equipment 


Approximate 

Equipment 

: Fungicide1 

: Water 

area  of 
coverage 

Lbs 

Gal 

Acres 

Hydraulic 

sprayer 

2-1/2 

100 

1 

Roto-mist 

blower 

6 

100 

2-1/2 

Low- volume 

mist  blower 

12-1/2 

100 

5 

Fixed-wing 

aircraft 

2-1/2 

5-10 

1 

If  flowable  chlorothalonil  is  used3 
1  pt  is  equal  to  1   lb  of  wettable  powder. 


spray  Tee  Jet  nozzle  No.  8008  (52  GPA)  is 
used  on  a  hydraulic  sprayer  moving  at  3 
mi/h. 


Christmas   tree  plantations. — Mist  blowers 
moving  at  2  mi/h  will  cover  more  area  per 
hour  (8  acres)  than  hydraulic  sprayers  in 
Christmas  tree  plantations.   Thus,  the  hy- 
draulic sprayers  are  more  expensive  to  oper- 
ate, but  they  do  provide  good  coverage.   Hy- 
draulic sprayers  use  about  100  gal  of  water/ 
acre;  roto-mist  blowers  only  about  40  gal/ 
acre.   Consequently,  the  fungicide  concen- 
tration used  for  hydraulic  sprayers  (2-1/2 
lb/100  gal  of  water)  is  much  lower  than  that 
used  for  the  roto-mist  blowers  (6  lb/100  gal 
of  water).   These  mist  blowers  develop  wind- 
speeds  up  to  95  mi/h  and  up  to  15  rows  of 
trees  can  be  sprayed  where  trees  can  be 
sprayed  from  both  sides  of  a  road  (fig.  16) . 
The  new  low-volume  mist  blowers  use  only 
about  20  gal/acre;  thus,  the  fungicide  con- 
centration would  be  12-1/2  lb/100  gal  of 
water  to  obtain  field  coverage  of  2-1/2 
lb/acre. 


Safety  Precautions 

Pesticides  used  improperly  can  be  in- 
jurious to  man,  animals,  and  plants.   Follow 
the  directions  and  heed  all  precautions  on 
the  labels. 

Store  pesticides  in  original  containers 
under  lock  and  key — out  of  reach  of  children 
and  animals  and  away  from  food  and  feed. 


Apply  pesticides  so  that  they  do  not 
endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.   Do  not  apply 
pesticides  when  there  is  danger  of  drift, 
when  honey  bees  or  other  pollinating  insects 
are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide 
sprays  or  dusts;  wear  protective  clothing 
and  equipment  if  specified  on  the  container. 


If  your  hands  become  contaminated  with  a 
pesticide,  do  not  eat  or  drink  until  you  have 
washed.   In  case  a  pesticide  is  swallowed  or 
gets  in  the  eyes,  follow  the  first  aid  treat- 
ment given  on  the  label,  and  get  prompt  med- 
ical attention.   If  a  pesticide  is  spilled 
on  your  skin  or  clothing,  remove  clothing 
immediately  and  wash  skin  thoroughly. 


Do  not  clean  spray  equipment  or  dump 
excess  spray  material  near  ponds,  streams, 
or  wells.   Because  it  is  difficult  to  remove 
all  traces  of  herbicides  from  equipment,  do 
not  use  the  same  equipment  for  insecticides 
or  fungicides  that  you  use  for  herbicides. 


Dispose  of  empty  pesticide  containers 
promptly.  Have  them  buried  at  a  sanitary 
land- fill  dump,  or  crush  and  bury  them  in 
a  level,  isolated  place. 


CULTURAL  PREVENTATIVES 

There  also  are  a  number  of  cultural 
practices  that  nurserymen  and  growers  can 
follow  that  will  either  prevent  Lophodermiim 
infection  or  reduce  its  severity. 


Nurspry 

t  Windbreaks  should  not  be  of  the  same 
species  as  grown  in  adjacent  nursery  beds. 
Nurseries  experiencing  Lophodermiim   losses 
often  have  red  or  Scotch  pine  windbreaks 
adjacent  to  the  nursery  beds.   Infected 
windbreaks  may  play  a  major  role  in  the 
buildup  of  L.    pinastri   when  spores  or  in- 
fected needles  having  fungus  fruiting 
bodies  are  blown  into  nursery  beds. 

9  Transplant  stock  should  not  be  brought 
into  nurseries  from  other  areas.   Several 


new  diseases  have  been  introduced  from  one 
nursery  to  another  by  shipping  infected 
stock  between  nurseries. 


9  Do  not  ship  infected  nursery  stock  for 
outplanting.   This  will  prevent  the  develop- 
ment of  an  epidemic  in  the  field  caused  by 
infected  nursery  stock. 


•  If  irrigation  is  needed  in  late  summer 
and  fall,  it  should  be  done  in  the  morning 
to  allow  the  trees  time  to  dry  during  the 
afternoon.   This  prevents  prolonged  periods 
of  moisture  that  are  conducive  to  Lopho- 
dermiim  infection. 


Plantation 

9  Plant  only  healthy  nursery  stock.   This 
seems  obvious  enough,  but  many  times  the 
grower  is  so  eager  to  get  the  plantation  es- 
tablished that  he  will  plant  unhealthy  trees. 
If  stock  has  turned  brown  when  received,  or 
if  it  has  numerous  infection  spots  on  the 
foliage,  the  trees  should  be  examined  by  a 
plant  pathologist  before  they  are  planted. 
Infected  trees  should  be  returned  to  the 
nursery  because  it  is  far  cheaper  to  keep 
disease  out  of  a  plantation  than  to  control 
it  once  it  is  established.   Although  State 
nursery  inspection  is  improving,  there  have 
been  many  cases  in  recent  years  where  stock 
was  shipped  from  nurseries  with  foliage 
diseases  present. 

9  Avoid  planting  Scotch  pine  seedlings 
next  to  Scotch  pine  windbreaks.   These  wind- 
breaks frequently  serve  as  a  reservoir  for 
the  Lophodermiim   fungus  as  well  as  other 
insect  and  disease  problems.   These  wind- 
breaks should  be  cut  and  burned  the  year 
before  a  new  stand  is  planted.   Stumps 
should  either  be  removed  or  treated  with 
a  registered  insecticide. 


9  Avoid  shipping  diseased  Christmas 
trees.   Christmas  trees  are  shipped  to  many 
different  parts  of  the  country.   This  is  a 
good  way  for  a  disease  to  be  transported 
and  to  become  established  in  new  areas. 


9  When  harvesting  trees,  especially  in 
infected  plantations,  avoid  leaving  live 
branches  on  stumps.   These  lower  branches 
are  especially  susceptible  to  foliage 
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disease  problems  and  their  needles  serve 
to  perpetuate  the  Lophodermium   fungus. 

9  Do  not  plant  just  one  species  or 
variety.  To  avoid  catastrophic  losses, 
a  grower  should  not  plant  his  land  with 
only  one  species  or  variety  of  conifer. 
If  a  disease  damages  one  species,  there 
is  a  good  chance  that  it  will  not  damage 
other  species  being  grown. 

0  Plant  resistant  Scotch  pine  varieties 
or  other  conifer  species.   Avoid  planting 
highly  susceptible  short-needled  Scotch  pine 
varieties  such  as  the  "Spanish"  and  "French- 
green"  varieties.   Long-needled  Scotch  pine 
varieties  such  as  the  "Scottish  Highland"  or 
"Austrian  Hills"  are  more  resistant  to 
attack.   Other  conifer  species  such  as  white 
pine,  white  and  blue  spruce,  and  balsam  fir 


could  be  planted  for  Christinas  trees  to 
avoid  Lophodermium   damage.    However,  these 
species  sometimes  are  attacked  by  other 
species  of  fungi. 

Resistance  to  Lophodermium   may  eventu- 
ally be  increased  by  selecting  resistant 
provenances  or  individual  trees  and  by 
breeding  resistant  strains.   Research  of 
this  type  will  be  necessary  if  Scotch  pine 
continues  as  the  number  one  Christmas  tree 
produced  and  bought  in  the  United  States. 
Red  pine  appears  to  acquire  resistance  to 
the  fungus  as  trees  get  older,  unlike  Scotch 
pine,  which  appears  to  be  susceptible  at  all 
ages.   This  may  be  the  reason  we  have  not 
observed  a  Lophodermium   outbreak  in  red  pine 
Christmas  tree  plantations  even  though  heavy 
damage  has  occurred  to  red  pine  seedlings  in 
some  tree  nurseries. 
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PRESCRIBED  BURNING  IN  THE  NORTH  CENTRAL  STATES 


Linda  R.  Donoghue  and  Von  J.  Johnson 


We  know  that  prescribed  fire  is  used 
in  the  Lake  States  region,  but  we  do  not 
know  to  what  extent.   In  an  effort  to  find 
out,  we  began  an  annual  survey  in  1968  in 
Michigan,  Minnesota,  and  Wisconsin  and  in- 
cluded Illinois  and  Ohio  in  1972.   This 
report  summarizes  5  years'  results. 


HISTORY  OF  PRESCRIBED  BURNING 
IN  THE  LAKE  STATES 

Prescribed  fire  has  not  been  used  ex- 
tensively in  the  Lake  States.   This  may  be 
due  in  part  to  the  region's  fire  history. 
The  great  fires  of  the  latter  19th  and 
early  20th  centuries  prompted  intensive  and 
highly  effective  prevention  and  suppression 
campaigns  that  discouraged  prescribed 
burning.   Although  prescribed  fire  was 
proposed  during  this  period,  it  was  re- 
jected in  the  belief  that  public  misinter- 
pretation and  misunderstanding  would  cause 
more  harm  than  good  (Chapman  1947)  .   A 
controversy,  lasting  nearly  20  years,  de- 
veloped over  the  relative  merits  of  con- 
trolled fire  versus  total  exclusion,  fol- 
lowing an  early  report  by  Chapman  (1926)  . 


The  increased  use  of  prescribed  burn- 
ing in  the  southern  United  States  lent  cre- 
dibility to  the  idea  of  fire  as  a  manage- 
ment tool.   By  1939  prescribed  fire  in 
longleaf  pine  was  officially  recognized  at 
the  national  level  (Chapman  1947).   As  a 
result  of  southern  success,  managers  began 


burning  in  other  parts  of  the  country.   Re- 
search trials  for  silvicultural  purposes 
and  hazard  reduction  were  conducted  by  the 
Lake  States  Forest  Experiment  Station  be- 
ginning in  the  1930's  (Buckman  1964).   In 
1935  prescribed  burning  was  advocated  by 
game  managers  as  a  means  of  controlling 
forest  encroachment  into  wildlife  habitat 
in  the  Lake  States  (Smith  1947).   In  the 
early  40's  Maissurow  (1941)  stressed  fire's 
role  in  the  perpetuation  of  yellow  birch, 
hemlock,  pines,  and  the  intolerant  hard- 
woods in  northern  Wisconsin.   Within  the 
decade  burning  for  wildlife  habitat  improve- 
ment increased  rapidly  in  Wisconsin  and 
Michigan.   During  the  1950 's,  however ,  much 
of  the  burning  in  the  other  Lake  States  re- 
mained experimental,  even  though  a  few  agen- 
cies accepted  controlled  burning  as  a  com- 
monplace management  practice. 

Operational  use  of  prescribed  fire 
increased  in  the  1960 's.   This  increase 
was  largely  due  to  preceeding  research 
efforts  that  provided  favorable  informa- 
tion to  land  managers.   Large  amounts  of 
technological  and  ecological  information 
on  fire  effects  were  produced  during  the 
60 's  by  researchers  such  as  Beaufait  (1962), 
Chrosciewicz  (1967),  and  Ahlgren  (1970). 
Presently,  the  greatest  usage  of  prescribed 
fire  in  the  Lake  States  is  for  wildlife 
habitat  management  (Donoghue  1973,  1974). 
It  is  also  used  for  such  things  as  hazard 
reduction,  planting  site  and  seedbed  prep- 
aration, insect  and  disease  control,  and 
hardwood  regeneration. 


THE  SURVEY 

A  questionnaire  was  sent  to  all  known 
users  of  prescribed  fire  in  Minnesota, 
Wisconsin,  and  Michigan  annually  over  a 
5-year  period  from  1968  through  1972.   In 
1972  Ohio  and  Illinois  were  also  included. 
Several  agencies  participated  in  the  survey. 
They  include  the  Minnesota,  Wisconsin, 
Michigan,  and  Ohio  Departments  of  Natural 
Resources;  University  of  Minnesota;  Forest 
Service;  U.S.  Bureau  of  Sport  Fisheries  and 
Wildlife;  other  U.S.  Department  of  Interior 
agencies;  and  a  few  private  landowners. 

Unfortunately,  there  is  no  standard 
procedure  for  routinely  reporting  prescribed 
fires.   The  data  used  in  this  analysis  are 
limited  to  the  responses  received  from  co- 
operating agencies  and  do  not  necessarily 
include  all  prescribed  burning  within  the 
surveyed  area.   The  analysis  in  some  cases 
necessitated  interpretation  of  the  primary 
ages  of  burning  slash,  burning  techniques, 
and  purpose-of-burn. 


NUMBER  OF  FIRES  AND  BURNED  ACREAGE 

The  number  of  prescribed  fires  reported 
by  participating  agencies  increased  from  72 
in  1968  to  115  in  1972.   This  trend  may  in- 
dicate either  increased  use  of  prescribed 
fire  or  more  complete  reporting  response. 
The  Minnesota  Department  of  Natural  Resources 
submitted  almost  half  of  the  444  reports 
received;  the  Wisconsin  Department  of 
Natural  Resources  submitted  nearly  one- 
fourth. 

More  burned  acreage  was  reported  during 
1968  and  1970  than  in  other  survey  years. 
Although  the  number  of  fires  increased 
through  the  reporting  period,  acreage  burned 
did  not  always  follow  this  trend.   In  some 
years  more  prescribed  fires  were  conducted, 
but  less  acreage  was  burned  per  fire. 

During  the  5-year  period  76,743  acres 
were  prescribed  burned  (table  1) .  Wisconsin 
reported  22,570  acres  or  29  percent  of  the 
total  and  the  Forest  Service  21,814  acres. 
Although  less  area  was  burned  in  Minnesota 
(14,187  acres),  that  State  used  fire  for 
more  purposes  than  other  reporting  agencies. 

Prescribed  burning  reaches  a  peak  in 
late  April,  decreases  sharply  to  a  low  in 
early  June,  and  gradually  increases 
again  to  a  second  peak  in  late  August  (fig.  1) 


The  increase  of  prescribed  fires  in  late 
October  is  largely  a  result  of  acceptable 
burning  conditions  during  1972.   Within  the 
5-year  period  burning  began  as  early  as 
February  and  continued  into  December. 
Monthly  activity  ranged  from  a  low  of  1 
fire  in  February  to  108  fires  in  August. 

PURPOSE  OF  BURN 

Many  prescribed  burns  are  designed  to 
accomplish  more  than  one  objective.   For 
instance,  a  prescribed  fire  always  reduces 
the  fuel  accumulation,  and  with  some  modi- 
fication, hazard-reduction  burns  can  im- 
prove wildlife  habitat.   In  addition,  almost 
any  prescribed  burn  improves  access  and 
visibility  (Mobley  et  al.  1973). 

Although  more  than  one  purpose  was 
reported  on  28  percent  of  the  responses, 
only  the  primary  purpose  is  shown  in  the 
following  tabulation: 

Percent  of 
Primary  Purpose  Total  Burns 


Wildlife  habitat 

management 

40 

Site  preparation 

24 

Seedbed  preparation 

23 

Hazard  reduction 

7 

Prairie  grass 

regeneration 

2 

Experimental 

2 

Other1 

2 

100 

Ninety  percent  of  the  22,570  acres  re- 
ported by  Wisconsin  were  prescribed  burned 
for  wildlife  habitat  management.   The  U.S. 
Bureau  of  Sport  Fisheries  and  Wildlife 
(BSFW) ,  other  Department  of  the  Interior 
agencies,  and  the  State  of  Minnesota  also 
burned  large  acreages  for  this  purpose. 
Approximately  23  percent  of  the  total  re- 
ported burned  by  the  Forest  Service  was  for 
hazard  reduction.   Most  burning  for  site 
and  seedbed  preparation  was  done  by  Minnesota,. 
the  Forest  Service,  and  Wisconsin. 

Burning  results  depend  greatly  upon 
weather  and  condition  of  vegetation.   If 
we  delineate  the  prescribed  fire  season  on 
the  basis  of  the  phenological  stage  of  the 
lower  vegetation,  then  in  the  Midwest  the 
spring  burning  season  ends  about  the  latter 
part  of  May,  and  summer  season  includes 


^Includes  prescribed  fire  for  natural 
area  maintenance  and  disease  control. 


June  to  mid-September.   Fall  season  is  from 
mid-September  until  winter  snow.   These  are 
the  times  when  low  vegetation  changes  from 
transitional  to  the  green  stage  in  the  spring 
and  returns  from  green  to  transitional  in 
the  fall  (Haines,  Johnson,  and  Main  1974). 


Prescribed  burning  for  various  purposes 
follows  different  seasonal  patterns  (table  2). 
Most  burning  took  place  during  the  spring. 
Wildlife  habitat  management,  hazard  reduction, 
and  prairie  grass  regeneration  burns  were 
done  primarily  at  this  time.   There  was  less 


Table  1. — A  summary  of  reported  prescribed  burns  in  the  North  Central 

States,    1968-1972 


Area 

Agency 

Purpose 

Burned 

acres 

USDA  Forest  Service 

Hazard  reduction 

17,484 

Wildlife  habitat  management 

510 

Site  preparation 

1,152 

Seedbed  preparation 

180 

Site  and/cr  seedbed  preparation 

2,068 

Blueberry  production 

70 

Experimental 

350 

Minnesota  Department  of 

Hazard  reduction 

256 

Natural  Resources 

Wildlife  habitat  management 

7,073 

Site  preparation 

2,744 

Seedbed  preparation 

3,082 

Blueberry  production 

121 

Natural  area  maintenance 

235 

Disease  control 

387 

Prairie  grass  regeneration 

136 

Experimental 

153 

Wisconsin  Department  of 

Hazard  reduction 

386 

Natural  Resources 

Wildlife  habitat  management 

20,334 

Site  preparation 

1,377 

Seedbed  preparation 

122 

Prairie  grass  regeneration 

351 

Michigan  Department  of 

Wildlife  habitat  management 

1,725 

Natural  Resources 

Site  preparation 

110 

U.S.  Bureau  of  Sport 

Hazard  reduction 

31 

Fisheries  &  Wildlife 

Wildlife  habitat  management 

9,662 

Experimental 

303 

Private  landowners 

Wildlife  habitat  management 

120 

Site  preparation 

84 

Other  Department  of  the 

Hazard  reduction 

372 

Interior  agencies 

Wildlife  habitat  management 

4,659 

Seedbed  preparation 

40 

Prairie  grass  regeneration 

85 

Experimental 

27 

, Ohio  Department  of 

Wildlife  habitat  management 

54 

Natural  Resources 

University  of  Minnesota 

Experimental 

570 

Minnesota  Department  of 

Experimental 

330 

Natural  Resources  in 

cooperation  with  Univ. 

of  Minn. 

TOTAL 

76,743 

JAN.  FEB.  MAR.  APR  MAY         JUNE  JULY  AUG.  SEPT  OCT  NOV.  DEC 

Figure  1. — Total  number  and  percent  of  prescribed 
fires  by  half-months,    1968-1972. 

Table  2. — Primary  purpose  of  prescribed  fire  by  season 
(In  percent) 


Purpose 


Seasons 


Spring 
(Last  snow  to  May  31) 


Summer 
(June  1  to  Sept.  15) 


Fall 
(Sept.  16  to  first  snow) 


Wildlife  habitat 
Site  preparation 
Seedbed  preparation 
Hazard  reduction 
Prairie  regeneration 
Other1 

TOTAL 


26 

9 

4 
5 
2 
2 


10 

12 

16 

1 

0 
2 


4 
4 
2 
(2) 
(2) 
0 


48 


41 


11 


Includes  burns  for  experiment  purposes,  training,  and  disease  control 
Less  than  1  percent 

activity  in  the  summer,  although  most  seed- 
bed-preparation burns  took  place  during  this 
season.   Prescribed  burning  for  site  prepar- 
ation, experimental  purposes,  natural  area 
maintenance,  and  disease  control  also  occur- 
red primarily  during  the  summer  months. 
Little  fall  burning  was  reported. 


Percentage  of 

Fuel 

Group 

Total  Burns 

Conifer 

57 

Grass 

17 

Hardwood 

14 

Brush 

6 

Fuels  not 

reported 

6 

FUELS 

The  fuels  burned  were  divided  into  four 
main  groups: 


More  than  half  the  prescribed  burns  were 
ignited  in  coniferous  fuel,  primarily  jack 
pine,  black  spruce,  or  balsam  fir.   Most 


slash  was  burned  when  1  or  2  years  old, 
even  though  slash  age  ranged  from  current 
to  10  years  old. 

The  type  of  fuel  burned  varied  with 
the  time  of  year  (table  3) .   During  the 
spring  most  prescribed  fires  were  in  hard- 
wood, brush,  and  grass  fuels.   Burning  in 
coniferous  fuels  took  place  largely  during 


the  summer  months.   In  most  cases  the  fuel 
type  burned  and  the  purpose  of  the  burn 
were  directly  related.   For  example,  most 
burning  for  wildlife  habitat  improvement 
took  place  in  hardwood,  brush,  and  grass 
fuels  during  the  spring.   Prescribed  fires 
for  site  and  seedbed  preparation  were  con- 
ducted primarily  in  coniferous  fuels  during 
the  summer. 


Table  3. — Primary  fuels  burned  by  season 
(In  percent) 


Fuels 


Season 


Spring         :        Summer        :  Fall 

(Last  snow  to  May  31)  :  (June  1  to  Sept.  15)  :  (Sept.  16  to  first  snow) 


Conifer 

2] 

Hardwood 

11 

Brush 

5 

Grass 

Id 

TOTAL 


47 


51 
3 
1 
6 


UZ 


11 


WEATHER 

Relative  humidity,  temperature,  insola- 
tion, and  rainfall  are  important  elements 
to  consider  in  controlled  burning.   These 
factors  influence  fuel  moisture  and  combined 
with  air  mass  stability  and  wind  speed, 
largely  determine  rate-of-spread  and  fire 
intensity. 

After  a  rainfall  heavy  fuels  and  duff 
require  several  days  of  drying  weather  to 
reduce  their  moisture  content  to  the  point 
where  they  will  be  consumed.   Fine  fuels 
dry  more  quickly  and  may  require  only  1  or 
2  drying  days  for  a  successful  burn  (Sando 
and  Dobbs  1970) .   Forty  percent  of  the  burns 
were  conducted  3  to  5  days  after  the  last 
rain,  regardless  of  fuel  type  (fig.  2). 
A  few  fires  were  not  started  in  hardwood 
and  brush  fuels  until  20-25  days  after  the 
last  reported  rain.   Maximum  air  temperatures 
reported  during  prescribed  burning  ranged 
from  28°  F  to  91°  F.   Approximately  three- 
fourths  of  the  reported  prescribed  fires 
I  were  conducted  on  days  with  maximum  air  tem- 
[peratures  ranging  from  60°  F  to  89°  F. 

Fine  fuels  respond  quickly  to  changes 
in  humidity,  whereas  larger  pieces  of  slash 


may  require  days  or  weeks  to  adjust  to  var- 
iations in  humidity  (Beaufait  1966)  .   Re- 
ported relative  humidity  during  burning 
ranged  from  a  low  of  15  percent  to  a  high 
of  85  percent  (fig.  3).   Humidities  reported 
most  often  during  burning  fell  between  hi 
and  50  percent.   Seventy-five  percent  of 
the  prescribed  fires  took  place  on  days 
with  humidities  between  31  and  60  percent. 


Wind  is  critical  during  a  prescribed 
burn.   Both  velocity  and  directional  changes 
can  have  significant  effects  on  fire  be- 
havior.  As  one  might  suspect,  prescribed 
burning  decreased  as  windspeeds  increased; 
less  than  1  percent  of  the  burns  were  made 
with  windspeeds  in  excess  of  26  mi/h. 


Fire  weather  forecasts  supply  informa- 
tion needed  to  determine  smoke  management 
and  fire  behavior.   Requests  for  special 
fire  weather  forecasts  generally  increased 
over  the  course  of  the  survey  period.   In 
1968,  forecasts  were  requested  for  about  a 
quarter  of  the  prescribed  fires.   By  1971 
special  forecasts  were  used  for  50  percent 
of  the  burns  and  remained  close  to  this  level 
in  1972. 
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Figure  2. — Percent  of  burns  from  day  of  last  rain. 
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Figure  3. — Relative  humidity  at  fire  start. 


OTHER  ASPECTS 

The  time  of  day  largely  determines 
burning  conditions.   Daily  variation  in 
conditions  is  as  important  as  seasonal 
change  in  scheduling  fires.   Three-fourths 
of  the  reported  prescribed  fires  were  started 
between  11:00  a.m.  and  3:00  p.m.,  although 
burns  began  a9  early  as  8:30  a.m.  and  as 
late  as  8:30  p.m.   Nearly  one-third  of  the 
burns  were  set  between  noon  and  1:00  p.m. 
Most  prescribed  fires  were  completed  in 
1-2  hours.  About  77  percent  of  the  reported 
prescribed  fires  were  finished  in  times 
ranging  from  one-half  hour  to  4  hours. 

Ignition  crews  should  be  equipped  with 
devices  that  provide  rapid,  controlled 
lighting  of  fire  along  predetermined  routes. 
The  drip  torch  was  the  preferred  ignition 
tool  (81  percent)  in  the  North  Central  States, 


A  combination  of  firing  techniques 
was  the  decided  preference  on  most  of  the 
fires,  with  the  ^trip  head-fire  the  single 
preferred  technique  (22  percent) .   Strip 
back-fires  (12  percent),  flank-fires  (5 
percent) ,  and  checkerboard  spotting  (2  per- 
cent) were  also  used  by  some  managers. 

Cost-per-acre  varied  with  the  purpose 
of  burn  (fig.  4).   The  cost  for  site-prep- 
aration, seedbed,  and  hazard-reduction  burns 
follow  the  same  general  pattern  with  a  few 
exceptions.   Slightly  less  than  half  the 
site-preparation  burns  generated  costs 
ranging  from  $5  to  $10  per  acre,  while  costs 
reported  most  often  for  seedbed  and  hazard 
fires  ranged  from  $1  to  $5  per  acre.   The 
low  cost  of  hazard-reduction  fires  ($.01  to 
$.50)  was  a  result  of  large  acreages  burned 
per  fire. 
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Figure  4. — Cost-per-aare 
by  primary  purpose  of 
burns . 
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Expenditures  reported  for  wildlife- 
habitat  burns  resulted  in  a  different  dis- 
tribution, having  lower  overall  costs  per 
burn.   Nearly  three-fourths  of  the  fires 
ranged  in  cost  from  $.01  to  $5.00  per  acre. 
These  lower  values  were  due  to  the  large 
acreage  burned  per  fire. 

None  of  the  fires  escaped  control. 
Seventy-four  percent  of  the  prescribed 
fires  were  reported  as  successfully  ac- 
complishing a  primary  objective.   Twenty- 
four  percent  of  the  burns  were  a  partial 
success,  while  the  remaining  2  percent 
failed  to  accomplish  the  desired  results. 
We  must  realize,  however,  that  the  ultimate 
success  of  a  burn  might  not  be  determined 
for  some  time.   Therefore,  the  immediate 
results  do  not  always  indicate  the  final 
effects  of  the  fire. 
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HELP  IN  MAKING  FUEL  MANAGEMENT  DECISIONS 


Peter  J.  Roussopoulos  and  Von  J.  Johnson 


Forest  management  activities  such  as 
cutting  or  thinning  of  timber  for  harvest, 
constructing  roads,  or  clearing 
rights-of-way,  generally  leave  large 
amounts  of  foliage  and  "woody  debris  on 
or  near  the  ground.   Besides  being 
unsightly  and  possibly  jeopardizing 
various  forest  resources,  this  debris 
becomes  potential  fuel  for  forest  fires. 
Fires  in  these  surface  fuel  accumulations 
are  generally  difficult  to  control  and 
can  quickly  spread  into  surrounding  stands 
of  valuable  timber.   When  large  amounts  of 
debris  are  created  by  forest  operations, 
it  is  often  desirable  to  treat  or  remove 
it  to  protect  forest  and  human  resources 
from  damage  by  fire.   Whether  treatment 
is  actually  needed,  what  to  do,  and  when 
to  do  it,  however,  are  decisions  fre- 
quently made  on  a  subjective  or  arbi- 
trary basis. 

To  be  more  realistic  and  effective, 
such  decisions  should  be  based  upon 
answers  to  these  four  questions: 

1.  What  level  of  fuel  hazard  is  the 
fire  control  organization  prepared  to 
handle? 

2.  What  is  the  post-cutting  slash 
hazard? 

3.  If  the  slash  hazard  exceeds  what 
the  control  organization  is  prepared  for, 
what  can  be  done  to  reduce  it  to  an 
acceptable  level? 

4.  How  should  priorities  for 
treatment  be  ordered  when  more  than  one 
area  requires  treatment? 


Fuel  hazard  is  an  expression  of  the 
flammability  of  forest  fuels. 

To  effectively  manage  fuel,  then, 
decision-makers  must  be  able  to  predict 
fuel  flammability  from  what  is  known 
about  the  fuels  themselves  and  local 
weather  regimes.   We  have  devised  a 
method  for  making  these  predictions, 
thereby  providing  approximate  answers  to 
the  four  questions  listed  above.   It 
permits  comparing  man-created  fuel 
hazards  with  one  of  several  fuel  hazard 
:'standards"  used  for  fire  control  planning 


THE  APPROACH 
Anderson  (1971)  suggested  using  the 
Rothermel  (1972)  fire  model  to  predict 
potential  fire  behavior  for  evaluating 
planned  management  practices  in  terms 
of  fuel  hazard,  before  the  fact.   The 
National  Fire  Danger  Rating  System 
(Deeming  et  at.    1972)  is  based  on  fire 
behavior  predictions  made  by  this  model. 
Moreover,  Rothermel  and  Philpot  (1973) 
used  the  model  to  predict  the  flamma- 
bility of  chaparral,  permitting  land 
management  consequences  to  be  analyzed 
in  terms  of  future  fuel  hazard.   In 
slash  fuels,  Rothermel' s  predictions  are 
reasonably  accurate  (Brown  1972),  and 
they  seem  suitable  for  rating  slash  fuel 
hazard.   Our  system  for  managing  North 
Central  and  Northeastern  logging  slash 
involves  using  Rothermel' s  model  to 
construct  a  series  of  graphs  that  display 
fuel  hazard  for  seven  species  of  slash 
(figs.  1-7).   They  relate  hazard  to  slash 
loading,  depth,  condition  of  foliage 
and  local  "average  bad"  weather  conditions 
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Figure  1. — Relative  fire   line  intensities 
and  rates  of  spread  for  jack  pine 
slash:     wind  =  14  mi/h;  moisture 
content  =  6  percent. 
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Figure  2. — Relative  fire   line  intensities 
and  rates  of  spread  for  red  pine  slash; 
wind  =  14  mi/h;  moisture  content  = 
6  percent.      > 
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Table  1  lists  the  inputs  needed  to 
plot  these  graphs  with  the  Rothermel  fire 
model.   Initially,   the  fuel  inputs  were 
sought  for  seven  species  and  four  particle 
size  classes:   (1)  foliage;  (2)  fine  twigs 
(0-1/4  inch) ;  (3)  coarse  twigs  (1/4-1  inch) ; 
(4)  branches  and  tops  (1-3  inches).   The 
input  values  used  for  each  slash  species 
(by  particle  size  class)  were  obtained 
from  a  variety  of  sources.   Where  available, 
published  values  were  used.   Otherwise, 
field  measurements  and  laboratory  deter- 
minations were  made. 
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The  Rothermel  model  predicts  the  for- 
ward rate  of  spread  (ft./min.)  and  the  in- 
tensity of  the  combustion  reaction  (BTU/ 
ft.2/min.)  of  "quasi-steady-state"  fires 
burning  under  conditions  described  by  the 
input  variables.   These  fire  behavior 
predictions  are  for  conditions  that  would 
be  expected  at  the  flaming  front  of  a  fire 
only.   Spotting  and  erratic  flame  movement 
are  not  considered.   The  model's  predic- 
tions are  most  appropriate  for  uniformly 
spaced  surface  fuels   such  as  grass,  dense 
shrubs,  forest  litter,  and  well  distributed 
logging  slash. 


Traditionally,  Byram's  (1959)  ex- 
pression of  fire  intensity  (BTU/ft . /sec. ) , 
often  called  "fire  line  intensity",  has 
been  used  to  describe  the  rate  of  energy 
release  on  wildland  fires.   It  is  the 
amount  of  energy  or  heat  released  per  unit 
time  per  unit  width  of  the  fire  front. 
Because  this  value  represents  the  total 
energy  flowing  over  each  foot  of  the  fire 
line  more  accurately  than  Rothermel 's 
reaction  intensity,  fire  line  intensity 
appears  more  meaningful  to  the  practicing 
fuel  manager.   So,  relative  fire  line 
intensity  was  graphed,  along  with  relative 
forward  rate  of  spread,  to  represent 
potential  fuel  hazard  in  northeastern 
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Figure  3. — Relative  fire   line  intensities 
and  rates  of  spread  for  balsam  fir 
slash:     wind  =14  mi/h;  moisture 
content  =  6  percent. 


logging  slash.   Fire  line  intensity  was 
determined  using  outputs  of  the  Rothermel 
model  by: 
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I  =  fire  line  intensity  (BTU/ 

ft ./sec.) 
R  =  Rothermel' s  forward  rate  of 

spread  prediction  (ft./min.) 
I   =  Rothermel' s  reaction  intensity 

prediction  (BTU/f t . 2/min. ) 
t  =  combustion  residence  time 

(min . ) x 
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The  residence   time  was  derived  using 
the  relationship  given  by  Anderson    (1969). 
Residence   time  in  minutes  is  equal   to  eight 
times   the  particle  diameter  in  inches. 
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Figure  4. — Relative  fire   line  intensities 
and  rates  of  spread  for  black  spruce 
slash:     wind  =   14  mi/h;  moisture 
content  =  6  percent. 


The  graphs  represent  fuel  hazard,  then, 
by  the  rate  of  spread  and  fire  line  inten- 
sity that  the  fuel  would  be  expected  to 
support  under  "average  bad"  weather  con- 
ditions.  Local  weather  conditions  corres- 
ponding to  the  'very  high"  fire  planning 
level  were  chosen  to  represent  average  bad 
burning  conditions  for  any  geographic 
locality.   A  series  of  graphs  was  con- 
structed for  each  of  the  13  different 
combinations  of  wind  speed  and  fuel 
moisture  content  defining  the  very  high 
fire  planning  levels  on  15  National 
Forests  comprising  the  Eastern  Region 
(table  2). 


To  obtain  open-ended,  dimensionless 
index  scales  for  relative  hazard  rating, 
the  rate  of  spread  and  fire  liae  intensity 
predictions  were  normalized  against  5.5  ft./ 
min.  and  166.7  BTU/f t . /sec. ,  respectively. 
That  is,  the  absolute  predictions  of  rate 
of  spread  and  fire  intensity  were  divided 
by  these  values.   These  values  were  chosen 
so  that  a  relative  scale  from  0  to  100 
would  encompass  at  least  90  percent  of  all 
realistic  fire  behavior  situations.   By 
eliminating  actual  units  of  measure,  the 


potential  confusion  associated  with  un- 
familiar measurement  units  has  been  circum- 
vented, possibly  making  the  fuel  hazard 
graphs  more  useful. 
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Figure  6. — Relative  five    line  intensities 
and  rates  of  spread  for  -paper  birch 
slash:     wind  =  14  mi/h;  moisture 
content  =  6  percent. 


'igure  5. — Relative  fire   line  intensities 
and  rates  of  spread  for  aspen  slash: 
wind  =  14  mi/h;  moisture  content  = 
6  percent. 


WHAT  THE  GRAPHS  SHOW 

Four  graphs  were  plotted  for  each 
ombination  of  species,  wind  speed,  and 
uel  moisture  content.   They  depict: 
A)  reuazvve   fire  line  intensity  for  slash 
etaining  all  its  foliage;  (B)  relative 


forward  rate  of  spread  for  slash  re- 
taining foliage;  (C)  relative   fire  line 
intensity  for  slash  that  has  lost  its 
foliage;  and  (D)  relative    forward  rate 
of  spread  for  slash  that  has  lost  its 
foliage  (figs.  1-7).   In  all,  364  graphs 
were  produced  representing  a  wide  variety 
of  slash  conditions  and  weather  regimes 
in  the  northeastern  United  States.   Of 
these,  28  are  presented,  representing 
7  species  of  slash  at  only  one  combinat'ion 
of  wind  speed  and  fuel  moisture  content. 


The  species  are  jack,  pine  (Pinus  banksiana 
Lamb.),  red  pine  (Pinus  resinosa   Ait.), 
balsam  fir  (Abies  balsamea    (L.)  Mill.), 
black  spruce  (Piaea  mariana    (Mill.)  B.S.P.), 
quaking  aspen  (Populus   tremuloides   Michx.), 
paper  birch  (Betula  papyrifera   Marsh.),  and 
mixed  oaks  (Quercus   spp  .  ) .   The  14 
mile-per-hour  wind  and  6  percent  fuel 
moisture  content  define  the  very  high 
planning  level  for  portions  of  the 
Allegheny,  Huron-Manistee,  Superior,  and 
Wayne-Hoosier  national  Forests.   Graphs 
for  other  combinations  of  wind  speed  and 
fuel  moisture  content  can  be  obtained  from 
the  authors. 


FIRE  LINE  INTENSITY 
WITH  FOLIAGE 


FUEL  LOADING  (TONS/ACRE) 


RATE  OF  SPREAD 
WITH  FOLIAGE 


FUEL  LOADING  ITONS/ACREI 


FIRE  LINE  INTENSITY 
NO  FOLIAGE 


10  15 

FUEL  LOADING  (TONS/ACREI 


RATE  OF  SPREAD 
NO  FOLIAGE 


FUEL  LOADING  (TONS/ACRE 


Figure  7. — Relative  fire   line  intensities 
and  rates  of  spread  for  oak  slash: 
wind  =   14  rrrl/h;   moisture   content  = 
6  percent. 


Figure  1,  showing  relative  fire  line 
intensity  and  rate  of  spread  for  jack  pine 
slash,  both  with  and  without  foliage, 
exemplifies  a  single  set  of  four  fuel 
hazard  graphs.   Loadings  range  from  0  to 
25  tons  per  acre,  and  depths  of  1/2,  1, 
2,  and  4  feet  are  represented. 

In  figure  LA,  relative  fire  line 
intensity  (vertical  axis)  is  graphed 
for  jack  pine  slash,  foliage  attached. 
The  horizontal  axis  is  the  loading,  in 
tons  per  acre,  of  slash  material  less 
than  3  inches  in  diameter  (including 
foliage).   Material  larger  than  3 
inches  in  diameter  is  ignored  because, 
except  for  reducing  maneuverability 
and  physically  supporting  the  finer 
fuels,  it  contributes  little  to  fuel 
hazard.   The  vertical  axis  is  a  relative 
intensity  scale.   It  relates  to  the 
amount  of  heat  energy  flowing  over  the 
fire  line,  and  hence  to  the  difficulty 
of  direct  attack.   Also,  it  is  open-ended; 
there  is  no  upper  limit  to  its  possible 
values.   Fires  having  relative  intensities 
over  100  are  infrequent,  however,  so 
extension  of  the  axis  beyond  this  would 
not  be  justifiable.   Table  3  attempts 
to  make  these  dimensionless  numbers 
meaningful  in  terms  of  the  behavior  of 
real  fires,  while  figure  8  shows  the 
appearance  of  several  experimental 
fires,  conducted  in  jack  pine  slash  by 
Stocks  and  Walker  (1972) ,  to  relative 
fire  line  intensities. 

Each  of  the  four  curves  (the  bottom 
one  is  partially  obscured  by  the  fuel 
loading  axis)  indicates  relative  intensity 
for  slash,  at  various  loadings,  piled  to 
the  average  depth  shown  at  its  extreme 
right  end.   Moving  from  left  to  right, 
each  of  these  lines  shows  how  fire  in- 
tensity changes  as  more  slash  is  packed 
into  the  same  space  (fixed  depth) .   The 
4-foot  curve,  for  example,  shows  that 
fire  line  intensity  will  constantly 
increase  as  slash  fuel  is  added  to  the 
4-foot  fuel  bed.   It  increases  from  0 
at  about  1  ton  per  acre,  where  fuel 
particles  are  too  loosely  packed  to  burn, 
to  a  value  of  31  at  25  tons  per  acre.   The 
2-foot  curve,  representing  slash  packed 
twice  as  tightly,  has  a  similar  shape. 
It  rises  rapidly  from  0  at  about  1  ton  per 
acre  and  begins  to  level  off  as  the 
loading  approaches  25  tons  per  acre. 
Here  the  relative  fire  line  intensity 
is  about  10. 


Table  1. — Input  variables  for  the  Rothermel  fire  model 


Input 


Dimensions 


Sources  of  Values  Used 


Total  loading  of  slash 
material  under  3"  in 
diameter 


Tons/ac.      This  input  is  used  as  a  con- 
tinuous independent  variable 
ranging  from  0  to  25  tons  per 
acre 


Average  slash  depth 


feet 


This  input  is  a  discrete 
independent  variable  having 
values  of  .5,  1,  2,  and  4 
feet 


Proportion  of  the  fuel    dimension- 
loading  in  each  size      less 
class 


Determined  through  actual 
data  collection  in  Minnesota 
and  Michigan 


The  ratio  of  fuel  sur- 
face area  to  fuel  vol- 
ume bv  size  class 


ft. 


Brown  (1970) ,  supplementary 
data  collection 


Low  heat  of  combustion 
for  each  size  class 


Oven  dry  fuel  particle 
density  by  size  class 


Silica  free  mineral 
content  by  fuel  size 
class 


BTU/LB 


lbs/ft.3 


percent  by 
weight 


Gorham  and  Sanger  1967 

Hough  1969 

Hughes  1971 

Reiners  and  Reiners  1970 

Byram  et  al .    1952,  Wood 
Handbook  1955,  supplemen- 
tary data  collection 

Hough  1969,  supplementary 
data  collection 


Total  mineral  content 
by  fuel  size  class 


percent  by     Hough  1969,  supplementary 
weight       data  collection 


Moisture  content  of 
extinction 

Fuel  particle 
moisture  content 


Wind  speed 


Slope 


percent  by 
weight 

percent  by 
weight 


ft. /min. 


percent 


Rothermel  1972 


Average  "very  high"  planning 
level  values  for  Eastern 
Region  National  Forests 

Average  "very  high"  planning 
level  values  for  Eastern 
Region  National  Forests 

Fixed  at  zero 


^rom  FIRDAT    (Furman   and  Helfman    1973). 


Table   2.— Fuel  moisture    (FFM)   and  wind  speeds    (WDS)   for  high,    very 
high,    and  extreme  fire  planning  levels  in  the  Eastern  Region1 


Forest   and 
Station 


High 


FFM     WDS 


Very  High 
FFM       WDS 


Extreme 


Fuel 
FFM  WDS   Model2 


Allegheny 

Marienville 
Chequamegon 

Clam  Lake 

Chippewa 

Cass  Lake 
Clark 

Salem 
Green  Mountain 

Mt.  Tabor 
Hiawatha 

Town  Lake  &  Moran 

Huron-Manistee 

Mio  &  Baldwin 
Mark  Twain 

Ava 
Monongahela 

Marlington 
Nicolet 

'-.aona 


8   14 


7 
10 

9 

5 


11 
11 

15 


14 

8 

11 
12 

12 

12 

9 

14 

14 


5' 
6 

10 


14 

12 
12 

17 


16 
9 

13 

14 

14 
16 
14 

15 

15 


14 

14 
14 

25 


20 
11 

17 
18 

18 

20 

21 

18 
18 


xAs  determined  by  FiRDAT  (Furman  and  Helfman 
2As  described  by  Deeming  et  al •    (1972). 
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The  curves  representing  1/2-foot  and 
1-foot  slash  depths  may,  at  first  glance, 
seem  a  bit  bewildering.   The  1-foot  curve 
rises  to  a  maximum  fire  line  intensity  just 
under  3  at  12-1/2  tons  per  acre,  than  be- 
gins to  decline  slightly  as  additional 
slash  is  packed  into  the  1-foot  fuel  bed. 
How  can  additional  fuel  result  in  reduced 
combustion  intensity?   Adding  more  fuel, 
when  depth  is  held  constant,  creates  a 


more  tightly  packed  fuel  complex,  reducing 
the  availability  of  oxygen  to  fuel  sur- 
faces and  altering  the  efficiency  of  heat 
transfer.   It  must  be  emphasized,  however, 
that  this  condition  seldom  occurs  in  unmod- 
ified slash  fuels  and  therefore  the  fire 
behavior  model  has  not  been  thoroughly 
tested  in  such  fuel  beds.   The  addition  of 
fuel  will  usually  increase  a  fuel  bed's 
depth  as  well  as  its  loading. 


Table   3. — Relation  of  relative  five   line  intensity   to  actual  five 

behaviov 


Relative 
intensity 


BTU/Ft./Sec. 


Fire  description 


.01-. 02 


,l-.3 


.6-6 


2-3 


19-58 


100-1,000 


12-39 

2,000-6,500 

63 

10,500 

81 

13,500 

135 

22,500 

-103 

357-17,090 

Few  forest  fires  have  intensities  this 
low  (Byram  1959). 

Most  prescribed  fires  burning  against 
the  wind.   Depth  of  the  flaming  zone 
(front  to  back)  would  be  less  than  1 
foot  and  the  flame  length  about  2  feet. 
Could  easily  step  over  the  fire  with- 
out fear  of  injury  (Byram  1959). 

The  section  of  prescribed  and  wild  fires 
burning  with  the  wind  in  surface  fuels. 
At  the  upper  end  of  this  range,  where 
'the  roar  of  flames  would  be  accompanied 
by  occasional  explosive  and  whistling 
sounds,"  the  fire  might  be  described  as 
"fairly  hot"  (Byram  1959) .   Flame  length 
would  be  about  9  feet  and  observers  30 
to  40  feet  from  the  fire  would  be 
uncomfortably  warm. 

Crown  fires  in  standing  pine  measured  by 
Van  Wagner  (1968) . 

1971  Thackary  Fire  in  Ontario  (Walker 
and  Stocks  1972) . 

1971  Whistle  Lake  Fire  in  Ontario 
(Walker  and  Stocks  1972). 

1967  Sundance  Fire  (Anderson  1968) . 

Range  of  observations  for  24  experimental 
fires  in  jack  pine  slash  (Stocks  and 
Walker  1972). 


Figure  9  plots  fuel  depth  against 
loading  of  material  under  3  inches  for  a 
number  of  slash  areas  measured  by  the  author 
and  by  Muraro  (1968,  1971),  and  shows,  by 
dashed  lines,  the  general  range  of  depths 
that  should  normally  be  expected  at  various 
slash  loadings.   On  this  basis,  the  loading 
for  unmodified  slash  averaging  1  foot  in 
depth  would  seldom  exceed  11  or  12  tons  per 
acre.   Of  course,  by  treating  slash  mechan- 
ically, it  is  possible  to  artificially 
create  conditions  beyond  these  limits. 

Figure  IB  is  similar  to  figure  1A. 
The  fuel  loading  axes  (horizontal)  are 


identical,  and  the  4  curves  represent  the 
same  fuel  depths.   The  vertical  axis,  rep- 
resenting relative  forward  rate  of  fire 
spread,  again  has  no  units  of  measurement. 

The  sharp  change  in  the  rate-of-spread 
curves  at  a  fuel  loading  of  about  5  tons  per 
acre  is  where  the  wind  becomes  fully  effec- 
tive in  driving  the  fire.   At  loadings 
below  this  point,  the  effect  of  wind  on 
fire  spread  is  limited  by  the  intensity 
of  the  fire.   The  fact  that  the  spread 
rate  drops  off  at  loadings  above  this 
point  doesn't  necessarily  indicate  that 
more  fuel  results  in  slower  spread.   This 


contradicts  experience.   Remember,  each 
of  the  curves  shows  the  effect  of  packing 
more  fuel  into  the  same  space  .   Additional 
fuel  can  reduce  the  rate  of  spread  by 
obstructing  convective  and  radiant  trans- 
fer of  heat.   Again,  however,  higher  fuel 
loadings  are  generally  accompanied  by 
deeper  fuel  beds — with  the  overall  effect 
of  increased  rate  of  spread. 


<*mT    iHM^  -*Jt 


Figure  8. — Visual  appearance  of  experi- 
mental fires  in  jack  pine  slash. 
Measured  relative  fire   line  intensities 
were    (a)   2,    (b)   5,    (c)   8,    (d)   25, 
(e)   57,   and   (f)   10 3.      Photographs  and 
intensity  measurements  were  provided 
by  Brian  Stocks  and  John  Walker 
(Stocks  and  Walker  1972). 
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Figure  9, — Regression  of  fuel  depth  on  loading  for  unmodified  slash 
material  under  3  inches  in  diameter.      The  regression  involves   two 
data  sources:     1)  field  measurements  in  a  tornado  blowdown  near 
Virginia,   Minnesota,   and  2)  published  data  extracted  from  Muraro 
(1968,   1971).      The  dashed  lines  depict  the  95%  confidence  interval 
for  a   single  prediction  by   the  equation. 


In  figures  1C  and  ID,  relative  fire 
line  intensity  and  rate  of  spread  are 
graphed  for  jack  pine  slash  after  all 
foliage  had  dropped.   Note  that  the 
scales  of  the  vertical  axes  are  different 
than  those  in  figures  1A  and  IB.   The 
vast  reduction  in  fuel  hazard  when  foliage 
falls  makes  the  scale  change  necessary  to 
allow  visual  separation  of  the  curves. 
Without  this  modification,  the  lines 
would  be  difficult  to  distinguish  from 


one  another.   Scale  should  be  closely 
observed  when  making  comparisons  of  fuel 
hazard  for  slash  with  and  without  foliage 

HOW  TO  USE  THE  GRAPHS 

The  greatest  potential  for  this 
system  is  that  slash  hazard  can  be  pre- 
dicted before  cutting  begins,  as  well  as 
after  its  completion.   To  estimate  fuel 
hazard  for  logging  slash,  all  that  is 
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needed  is  knowledge  of  the  condition  of 
foliage,  loading  of  slash  material  less 
than  3  inches  in  diameter  in  tons  per 
acre,  average  slash  depth  in  feet,  and  the 
wind  speed  and  fuel  moisture  content 
representing  the  local  "very  high" 
fire  planning  level. 

Visual  determination  of  the  condition 
of  foliage  and  average  slash  depth  should 
be  adequate.   Because  the  fuel  hazard  pre- 
diction is  sensitive  to  changes  in  depth, 
average  slash  depth  should  be  estimated 
conscientiously.   Depending  on  the  accu- 
racy desired,  slash  loading  can  either  be 
estimated  or  measured  in  the  field.   If 
the  slash  has  already  been  created,  and 
time  is  available  to  take  some  measure- 
ments, Roussopoulos  and  Johnson  (1973) 
explain  a  field  sampling  procedure  that 
can  be  done  in  northeastern  slash  with 
little  time  and  effort.   Fahnestock  (1960) 
developed  a  way  to  estimate  the  weight 
of  slash  before  logging  for  nine  western 
species.   A  similar  method  can  be  used 
in  the  east.   To  predict  slash  loading 
(in  tons  per  acre) ,  multiply  the  basal 
area  to  be  harvested  from  each  D.B.H. 
class  by  the  corresponding  value  from 
table  42  and  sum  these  products  for  all 
classes  in  the  harvest. 

After  the  condition  of  foliage, 
slash  depth,  and  slash  loading  has  been 
determined  or  predicted,  the  fire-intensity 
and  rate-of-spread  graphs  can  be  used  to 
estimate  fuel  hazard.   An  example  may  help 
illustrate  the  use  of  these  graphs  in  fuel 
management  decisionmaking.   Assume  that 
the  local  "very  high"  planning  level 
corresponds  to  the  wind  speed  and  fuel 
moisture  content  in  figures  1-7.   Also, 
assume  that  a  jack  pine  stand  has  been 
clear  cut  producing  about  10  tons  per 
acre  of  slash  material  less  than  3  inches 
in  diameter,  uniformly  distributed  at  an 
average  depth  of  about  2  feet.   Figure  1 
can  be  helpful  in  deciding  how  this  slash 
should  be  managed  by  providing  answers  to 
the  questions  asked  in  the  Introduction. 

What  fuel  hazard  can  be  handled 
adequately   through  normal  fire  control 
operations?     This  can  be  expressed  as  the 
relative  intensity  and  rate  of  spread  for 
the  National  Fire  Danger  Rating  System 
(Deeming  et  al. 1972)  fuel  model  used  for 
fire  control  planning  in  any  forest  pro- 


2Loomis}   Robert  M.      1973.      Unpublished 
secondary  analysis  of  published  data.      (On 
file  at  North  Central  Forest  Experiment 
Station^   East  Lansing,   Michigan. ) 


tection  unit.   Because  fire  control  ef- 
forts are  based  on  the  expected  behavior 
of  fires  burning  in  a  chosen  fuel  model, 
this  model  can  reasonably  be  used  as  a 
standard  of  fuel  hazard  against  which 
fuel  hazard  on  specific  sites  can  be 
compared.   Table  5  shows  the  relative 
rates  of  spread  and  fire  line  inten- 
sities for  the  nine  fuel  models  when 
the  wind  speed  is  14  miles  per  hour 
and  fuel  moisture  content  is  6  percent. 
For  example,  if  fuel  model  H  has  been 
chosen  for  the  protection  unit  in  which 
the  jack  pine  stand  was  harvested,  the 
planning  level  fuel  hazard  can  be  repre- 
sented by  a  relative    fire  line  intensity 
of  0.6  (97  BTU/ft. /sec.)  and  a  relative 
rate  of  spread  of  4.3  (24  ch./hr.). 
Either  slash  treatment  or  increased 
protection  should  be  considered  then, 
if  the  ratings  for  the  post-cutting  slash 
exceed  these  values. 

What  is   the  post-cutting  hazard? 
Assuming  that  the  foliage  is  retained  on 
the  slash,  the  post-cutting  hazard  attrib- 
utable to  the  slash  can  be  determined 
from  figures  1A  and  IB.   In  figure  1A, 
at  a  slash  loading  of  10  tons  per  acre, 
a  horizontal  line  drawn  from  the  2-foot 
depth   curve  cuts  the  fire-line-intensity 
axis  at  about  7,  far  above  the  0.6  deter- 
mined for  fuel  model  H.   The  relative  rate 
of  spread,  from  figure  IB,  is  about  18, 
again  much  larger  than  4.3  for  fuel  model 
H.   Both  post-cutting  hazard  components 
clearly  exceed  those  for  the  "standard" 
planning  level  hazard,  calling  for  some 
form  of  slash  treatment  or  increased 
protection. 

What  treatment  alternatives  are 
feasible?     Because  the  Rothermel  model 
can  be  applied  only  to  uniformly  distrib- 
uted fuels,  the  graphs  cannot  be  used  to 
evaluate  efforts  to  interrupt  fuel  con- 
tinuity, such  as  creating  fuel  breaks  and 
windrows.   They  may  be  helpful,  on  the 
other  hand,  in  deciding  among  alternative 
broadcast  treatment  methods  such  as 
lopping  and  scattering,  prescribed  burning, 
and  crushing  or  chopping.   One  alter- 
native is  simply  to  increase  protection 
of  the  slash  area  until,  through  natural 
breakdown,  the  fuel  hazard  is  reduced  to 
a  tolerable  level.   The  hazard  of  jack 
pine  slash,  of  course,  is  highest  when  the 
needles  are  still  attached.   As  needles 
dry  and  fall,  a  process  taking  up  to  4 
years  (Williams  1955),  hazard  slowly  di- 
minishes.  Figures  1C  and  ID,  the  pair 
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of  graphs  for  jack  pine  slash  without 
foliage,  make  this  evident.  For  the 
above  example,  figure  1C  indicates  a 
relative  intensity  of  0.5,  while  the 
relative  rate  of  spread  in  figure  ID 
is  about  1.2.  Both  are  below  the  planning 
level  values,  so  increased  protection  until 


the  foliage  drops  seems  a  feasible  approach. 
In  this  case,  the  overall  fuel  hazard  is 
underestimated  because  the  fire  would  be 
spreading  mainly  in  the  litter,  rather 
than  in  the  slash  itself.   The  graphs 
indicate  fire  behavior  in  the  slash. 
Nevertheless,  the  values  from  the  graphs 


Tabl 

e  4. — Tree  crown 

weights  by 

species     and 

d.b.h.   per  square  foot 

of  basa 

I 

area  in  tons1 

1 

D.B.H. 
(inches) 

Shortleaf 
pine 

Red  pine 
,  ,  .  .      Jack 
(white 

\2    pine 
pine)     r 

White  spruce 
(black  spruce 

Balsam  fir 
(white  cedar, 
hemlock) 

Yellow-poplar 
Aspen     ,  .,    ,i   ,.M 
,,  r  , .     (other   soft 
(larch)      ,   ,    ,  , 
hardwoods) 

"Hardwoods" 

(all  "hard" 

hardwoods) 

1 

0.16 

1.01     0.15 

0.13 

0.13 

0.20         0.26 

0.32 

(.19) 

:.25) 

(.29) 

2 

.20 

.35      .16 

.17 

.18 

.15 
(.14) 

.34 
.33) 

.42 
(.40) 

3 

.16 

.18      .15 

.17 

.16 

.11 
(.10) 

.37 
.36) 

.35 
(.33) 

4 

.11 

.13      .14 

.14 

.12 

.09 
(.08) 

.23 
..22) 

.25 
(.23) 

5 

.09 

.11      .15 

.13 

.12 

.08 
(.07) 

.17 
.16) 

.22 
(.20) 

6 

.07 

.10      .15 

.14 

.12 

.07 
(.06) 

.13 

..12) 

.20 
(.18) 

7 

.09 

.10      .15 

.15 

.14 

.07 
(.06)        1 

.11 
.10) 

.19 
(.17) 

8 

.09 

.10      .15 

.16 

.15 

.06 
(.05) 

.10 
.09) 

.18 
(.16) 

9 

.09 

.10      .15 

.17 

.17 

.06 
(.05) 

.09 
:.08) 

.18 
(.16) 

10 

.09 

.11      .15 

.18 

.19 

.06 
(.05)        1 

.08 
..07) 

.18 
(.16) 

11 

.09 

.12      .15 

.19 

.20 

.05 
(.04) 

.07 

:.o6) 
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(.16) 

12 
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.05 
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.07 

:.o6) 
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13 

.10 

.16      .15 

.22 

.25 

.05 
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.06 
.05) 

.17 
(.16) 

14 

.11 
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.26 

.05 
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.06 
..05) 

.17 
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15 

.11 
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(.16) 

16 

.06 
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17 
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.05) 

.17 
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18 
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19 

.05 
.04) 

.18 
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20 

.05 
.04) 
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21 
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.04) 

.18 
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22 
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.04) 

.18 
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23 
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24 
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.19 
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indicate  the  relative  significance  of 
the  slash  itself,  in  terms  of  fire 
behavior,  even  when  superimposed  on  a 
litter  substrate. 


Table  5. — Relative  rates  of  spread  and  fire 
line  intensities  for  the  NFDHS  fuel  models 
with  a  wind  velocity  of  14  miles  per  hour 
and  fuel  moisture  content  of  6  percent 


IIFDRS  Fuel 
Model 

Relative 

Rate  of 

Spread 

Relative 
Fire  Line 
Intensity 

A 

79.3 

8.4 

B 

48.8 

27.6 

C 

47.8 

7.1 

D 

23.2 

5.5 

E 

10.6 

1.5 

F 

9.2 

2.1 

G 

9.0 

4.7 

H 

4.3 

0.6 

I 

20.1 

15.9 

If  3  or  4  years  of  increased  pro- 
tection are  not  logistically  or  eco- 
nomically desirable,  some  means  of  fuel 
treatment  should  be  considered.   One 
alternative  is  prescribed  fire.   Even 
the  most  modest  fire  will  at  least 
remove  the  foliage,  which  would  reduce 
the  hazard  to  an  acceptable  level  in  the 
example  situation. 

The  effectiveness  of  depth  reduction, 
another  alternative,  can  be  clearly  seen 
in  figures  1A  and  IB.   If,  by  lopping 
and  scattering,  roller-chopping,  or  some 
mechicanical  means  of  crushing,  the 
average  slash  depth  could  be  reduced  to 
1/2  foot,  the  relative  intensity  would 
drop  to  about  0.6  and  the  relative  rate 
of  spread  to  about  3,  both  acceptable. 

The  above  procedures  are  summarized 
in  Figure  10.   In  choosing  among  feasible 
alternatives,  of  course,  silvicultural  and 
environmental  implications  should  be  con- 
sidered as  well  as  hazard  reduction  effec- 
tiveness.  What ,  for  example,  is  the  pos- 
sible influence  of  slash  compaction  on 
regeneration  success?   On  these  matters 
there  is  no  substitute  for  professional 
expertise . 


How  should  priorities  be  established 
for  different  areas?     In  addition  to  the 
severity  of  the  fuel  hazard  itself,  the 
priorities  should  be  based  on  local  risk, 
surrounding  resource  values ,  silvicultural 
significance,  accessibility,  juxtaposition 
of  natural  barriers,  environmental  impact, 
and  logistics.   When  these  other  factors 
are  nearly  equal,  however,  as  is  often  the 
case,  hazard  ratings  can  help  order  pri- 
orities for  the  areas  needing  treatment. 
The  relative  fire  line  intensity  and  rate 
of  spread  can  be  used  to  establish  pri- 
orities.  Then  areas  can  be  treated  in 
order  of  decreasing  hazard  until  time, 
funding,  or  other  limiting  resources  are 
exhausted. 


CONCLUSION 

The  procedure  presented  and  discussed 
here  can  reduce  the  need  for  managerial 
guesswork.   The  graphs  were  constructed 
using  a  mathematical  model  based  strictly 
on  laboratory  experiments,  and  a  number  of 
addition  assumptions  and  simplifications 
were  incorporated  into  the  graphic  displays 
It  is  assumed  that  only  uniformly  distribu- 
ted slash  is  burning,  that  the  fire  has 
reached  an  equilibrium  state,  that  is,  it 
is  not  an  accelerating  fire,  and  that  fuels 
of  all  sizes  have  identical  moisture  con- 
tents.  These  assumptions  are  somewhat  less 
than  realistic,  but  not  overly  restrictive. 
Even  more  important,  users  must  realize 
that  fuel  management  is  only  one  aspect  of 
land  management.   Costs  and  benefits  of 
alternative  fuel  management  strategies 
should  be  weighed,  not  only  in  terms  of 
resulting  fuel  hazards,  but  also  relative 
to  overall  land  management  objectives. 
Still,  if  used  properly,  with  regard  for 
inherent  limitations,  these  hazard  rating 
graphs  can  be  valuable  decisionmaking 
tools.   If  nothing  else,  they  can  provide 
concrete  justification  for  projects  al- 
ready underway.   Beyond  this,  they  quan- 
tify fuel  hazard  in  a  way  meaningful  to 
any  manager,  regardless  of  his  level  of 
experience.   Alternative  fuel  management 
practices  can  be  evaluated  and  compared 
objectively  before  they  are  actually 
attempted.   Fuel  hazard  potentially 
resulting  from  planned  forest  management 
projects  can  be  anticipated,  and  operations 
that  cannot  economically  provide  adequate 
fuel  treatment  to  meet  protection  standards 
can  be  aborted  before  resource  values  are 
jeopardized. 
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USE  NC88  (ROUSSO  - 
POULOS  AND  JOHNSON  1973) 
TO  DETERMINE  LOADING 
AND  DEPTH  OF  SLASH. 


USE  TABLE  3  TO  CALCULATE 
POTENTIAL  SLASH  LOADING 
FROM  PRE-CUTTONG  STAND 
NFORMATION. 


|      SUBJECTIVELY  ESTIMATE 

' H       FUEL  LOADING  AND  DEPTH 

'      OF  POST-CUTTING  SLASH. 
I 

I 


FIND  MAXIMUM 
ACCEPTABLE 
NORMALIZED 
VALUES  IN  TABLE  4. 


DETERMINE  WHICH 
TREATMENT 
ALTERNATIVES  ARE 
FEASIBLE. 


FIND  NORMALIZED  HAZARD 
VALUES  FOR  POST-CUTTING 
SLASH  FROM  APPROPRIATE 
FUEL  HAZARD  GRAPH. 


SELECT  AND 
CONDUCT  ONE 
FEASIBLE 
TREATMENT. 


FUEL  HAZARD 
IS  ACCEPTABLE. 


Figure  10. — Flow  chart  illustrating  the  use  of  fuel  hazard  graphs  in 

slash  management  decision  making. 
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As  the  technology  of  forest  fire 
management  steadily  becomes  more 
sophisticated  and  effective,  the  human 
or  managerial  aspects  must  keep  pace. 
Advance  planning  and  objective  deci- 
sion-making will  be  the  key  to  success- 
ful management.   The  approach  suggested 
here  is  a  step  in  that  direction. 
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ANATOMY  AND  DRY  WEIGHT  YIELDS  OF  TWO  POPULUS   CLONES 
GROWN  UNDER  INTENSIVE  CULTURE 

John  B.  Crist  and  David  H.  Dawson 


Considerable  interest  has  been  gen- 
rated  in  utilizing  the  total  wood  and  per- 
.ps  the  bark  produced  by  young  woody  spe- 
es  grown  under  short  rotations  for  pulp 

particleboard  production.   Representa- 
ves  of  the  industry  feel  that  rotations 
ist  be  shortened  and  yields  of  high-quality 
terials  substantially  increased  if  ex- 
nditures  for  woodland  improvement  are  to 

competitive  with  other  investment  al- 
rnatives.   Extremely  intensive  silvicul- 
re,  such  as  has  been  demonstrated  with 
camore  in  the  southeastern  United  States 

using  the  corn-silage  system  (McAlpine 

al.    1966),  may  very  well  be  economically 
asible  (Dutrow  1971) .   Continuing  re- 
arch  and  development  effort  already  has 
monstrated  that  kenaf  (Hibiscus  cannabinus 
)  can  be  grown  as  a  high  intensity,  short 
tation  (annual)  crop  on  high-quality 
nd  (White  et  al.    1970). 


There  is  considerable  biological  evi- 
nce that  growing  large  trees  over  long 
tations  may  not  be  the  most  efficient 
stem  for  capturing  the  solar  energy 
ailable  or  quickly  and  completely  oc- 
pying  a  site.   For  example,  Leak  (1970) 
inted  out  that  conventional  timber  pro- 
ction  accounts  for  a  very  minute  pro- 
rtion — 0.1  to  0.2  percent  of  the  net 
ilar  energy  that  enters  into  a  northern 
rdwood  stand.   Daniels  (1956)  in  con- 
ast,  reported  that  photosynthesis  in 
e  laboratory  may  attain  efficiencies  of 
to  35  percent  under  optimum  conditions, 
plied  in  these  findings  is  that  tra- 
tional  forest  management  has  been  al- 
pt   exclusively  concerned  with  less  than 
[percent  of  the  solar  energy  entering  the 
3rests  we  manage.   For  maximum  production 


of  woody  fiber,  it  is  apparent  that  for- 
esters need  to  understand  how  to  utilize 
more  of  the  remaining  99+  percent. 

Recently  the  USDA  Forest  Service's 
North  Central  Forest  Experiment  Station  in 
Rhinelander,  Wisconsin,  launched  Program 
Maximum  Yield,  in  which  a  systems  approach 
is  being  taken  to  develop  the  most  effi- 
cient and  economic  method  for  producing 
fiber  from  woody  plants.   Basic  research 
input  is  being  collated  from  specialists 
in  the  fields  of  physiology,  genetics, 
engineering,  utilization,  and  economics 
under  this  program.   As  described  by  Daw- 
son and  Hutchinson  (1972),  it  is  hoped  that 
the  results  will  enable  segments  of  the 
industry  in  the  North  Central  Region  to 
assume  a  more  viable  role  in  helping  to 
meet  the  expanding  need  for  pulpwood.   An 
early  study  in  Program  Maximum  Yield,  re- 
ported here,  was  made  to  determine  the  dry 
weight  yield  and  quality  of  material  pro- 
duced by  two  Populus   hybrids  grown  in  an 
agronomic  mode  for  2  yr  under  intensive 
cultivation  near  optimum  moisture  and  nu- 
trient levels  at  three  plant  spacing 
densities. 


THE  PLANT  MATERIAL  AND  RESEARCH  METHODS 


The  two  clones  chosen  for  the  study  were 
Populus   "Tristis  #1"  (Populus  balsamifera   L. 
x  P.  tristis   Fisch.)  and  "Northwest"  poplar 
(Populus  deltoides   Marsh,  var-  oooidentalis 
Rydb.  x  P.  balsamifera   L.).   Both  clones 
propagated  easily  and  were  known  to  be 
hardy  in  the  North  Central  States  as  well 
as  to  have  manifested  different  crown  and 


branch  architecture  in  conventional  spa- 
ings.   Both  were  available  in  quantity 
from  the  Forest  Nursery  Station  at  Indian 
Head,  Saskatchewan,  where  they  have  been 
selected  and  tested  for  years  (Cram  1960). 

Plantings  were  spaced  at  three  rela- 
tively high  densities  (9  in.  by  9  in. , 
12  in.  by  12  in.,  and  24  in.  by  24  in.) 
because  density-clone  interactions  had  to 
be  determined  early  in  the  rotation  per- 
iod.  Dominant  cuttings  of  each  of  the  two 
clones  were  planted  during  the  summer  of 
1970  at  each  of  these  three  densities  in 
three  16  ft  by  16  ft  irrigated  plots  in 
three  replications  using  a  randomized  block 
design.   By  the  fall  of  1970,  most  of  the 
cuttings  had  rooted;  where  fail  spots 
occurred,  replacements  were  made  using 
cuttings  that  had  been  rooted  in  adja- 
cent beds. 

Throughout  the  first  full  growing 
season — the  spring  and  summer  of  1971 — 
nutrients  were  applied  frequently  to  the 
soil  to  ensure  that  nutrients  in  the  plants 
were  maintained  at  slightly  above  the 
critical  level  (i.e.,  the  concentration  of 
an  element  in  the  leaves  at  which  plant 
growth  begins  to  decline) .   Moisture 
levels  were  maintained  at  75  to  90 
percent  field  capacity. 

Near  the  end  of  the  1971  growing  season, 
all  aerial  portions  of  trees  from  2  by  6  ft 
subplots  were  harvested.   This  material  was 
measured,  separated  by  components,  oven- 
dried  at  70°C  until  equilibrium  was  reached, 
and  then  weighed. 


Anatomical  characteristics  of  the  two 
clones  were  measured  as  part  of  a  screening 
process  to  determine  the  relative  suitability 
of  various  candidates  for  fiber  production 
in  a  maximum  yield  system. 

Three  stems  of  harvested  plants  (repli- 
cations) were  taken  from  each  of  the  three 
planting  densities  for  each  of  the  two  clones 
and  examined.   Segments  of  each  stem  were 
removed  from  near  the  base,  middle,  and 
tip.  Microtomed  sections  were  cut  from 
these  segments  and  photomicrographed.   The 
photomicrographs  were  projected  onto  a 
screen  containing  a  grid  from  which  countings 
were  made  to  calculate  the  percent  compo- 
sition of  vessels  and  of  bark  fibers.   The 
diameters  of  the  vessels  and  of  the  bark 
fiber  bundles  also  were  measured  using  the 
calibrated  projections.   Specific  gravities 
of  intact  stem  segments  were  determined 
using  the  water  immersion  method.   The  same 
method  was  used  to  determine  individual 
specific  gravities  for  the  wood  and  for  the 
bark  after  the  segments  had  been  dissected 
and  the  pith  had  been  removed  from  the  wood. 
Fiber,  vessel,  and  bark-fiber  lengths  were 
obtained  from  calibrated  microscopic  pro- 
jections of  tissues  that  had  been  macerated 
using  peracetic  acid.   Broken  or  cut  cells 
were  not  measured.   Data  were  analyzed 
using  a  4-way  analysis  of  variance  for  each 
of  the  10  anatomical  characteristics. 


RESULTS  AND  DISCUSSION 

Table  1  documents  that  considerable 
tonnage  of  wood  and  bark  can  be  produced  by 


Table  1. — Dry  weight  by  components  of  Populus  "Tristis  #1"  and 
Populus  "Northwest"^- 


(In  tons/acre) 

POPULUS   "TRISTIS  #1" 


eve 

jjei 

re; 
stei 

M: 
plai 

inc. 


fl" 


Planting: 

density  : 

(in.)  : 

Totals 

:          Stems 

Branches 

j 

Tree 

\     Wood   \        Bark  \      Tips 

*  Leaves 

Total      Wood 

j   Bark 

Total 

Wood 

;   Bark 

9  by  9 
12  by  12 
24  by  24 

12.25 
9.33 
3.86 

6.29(51)2  2.94(24)   0.11(1) 
4.01(42)   2.45(26)    .12(2) 
1.58(44)    .97(25)    .05(1) 

2.91(24) 
2.75(29) 
1.26(32) 

6.61(53)   4.74(38) 
4.71(50)   3.16(33) 
1.67(43)   1.11(28) 

1.86(15) 

1.54(17) 

.56(14) 

2.63(21) 

1.76(19) 

.89(23) 

1.55(12) 
•  85(9) 
.47(12) 

1.08(8) 
.91(10) 
.41(11) 

POPULUS 

"NORTHWEST" 

9  by  9 
12  by  12 
24  by  24 

6.38 
5.70 
2.02 

2.79(44)   1.65(25)   0.15(2) 

2.09(37)   1.76(31)    .11(1) 

.57(28)    .47(23)    .05(2) 

1.79(28) 

1.74(31) 

.93(46) 

3.98(62)   2.59(40) 

2.72(48)   1.82(32) 

.71(35)    .41(20) 

1.39(21) 
.90(16) 
.30(14) 

0.46(7) 
1.13(19) 
.33(16) 

0.20(3) 
.27(4) 
.16(7) 

0.26(4) 
.86(15) 
.17(8) 

10ne-yr-old 
2Percent  of 

material  from  rooted  cuttings, 
total  tree  weight  in  parenthesis. 

ery  dense  stands  of  young  trees.   Sprouts 
rom  the  2-yr-old  rootstock  of  Populus 
'Tristis  #1"  planted  at  the  9  in.  by  9  in. 
ensity  produced  the  equivalent  of  over  6 
ons  of  wood  and  almost  3  tons  of  bark/ 
.ere/year  at  9  in.  by  9  in.  planting  den- 
ity.   The  Populus   "Northwest"  sprouts  were 
mly  slightly  better  than  half  as  productive. 

[owever,  sprouts  from  both  clones  yielded 
reater  tonnages  of  wood  and  bark  than  did 
total  tree  harvested"  in  natural  aspen 
tands  on  good  sites  in  the  Lake  States 
hat  yielded  between  1  and  2  tons/acre/year 
Einspahr  and  Benson  1970,  Benson  and 
inspahr  1972). 

Table  2  shows  differences  in  the  10 
leasured  anatomical  characteristics  be- 
ween  the  2  clones.   The  means  presented 
rere  obtained  by  averaging  data  for  all 
eplications,  planting  densities,  and 
tem  sampling  heights  for  each  clone, 
ifferences  or  patterns  attributable  to 
lanting  density  or  sampling  height  are 
ncluded  in  the  following  discussion. 

The  specific  gravity  of  P.  "Tristis 
1"  wood  (without  pith)  was  much  higher 


than  that  of  P.  "Northwest"  wood  (Table 
2);  yet  the  values  for  both  clones  were 
within  the  wide  range  of  specific  grav- 
ities reported  for  Populus   species  (Isen- 
berg  1951,  Valentine  1962,  Wilde  and  Paul 
1959).   The  specific  gravities  of  both 
clones  increased  as  planting  densities 
decreased.   However,  specific  gravity 
progressively  decreased  as  stem  height 
increased  in  P.  "Tristis  #1;"  just  the 
opposite  was  found  in  P.  "Northwest." 

The  fibers  of  P.  "Tristis  #1"  were 
slightly  shorter  than  those  of  P.  "North- 
west." Although  fibers  from  both  clones 
were  short,  their  lengths  are  comparable 
to  the  fibers  of  other  young  Populus   spe- 
cies and  hybrids  (Cech  et  al.    1960,  Ken- 
nedy and  Smith  1959).   As  would  be  ex- 
pected, the  fibers  of  both  clones  de- 
creased in  length  as  stem  height  increased. 

Stems  grown  at  the  12  in.  by  12  in. 
density  had  slightly  longer  fibers  than 
those  grown  at  the  9  in.  by  9  in.  density. 
This  observation  might  be  attribulted 
to  differences  in  crown  geometry  and 
morphology,  which  enabled  larger  amounts  of 
photosynthate  to  be  distributed  to  the  stem 


Table  2. — Comparison  of  anatomical  charact eric  tics  of  two 
hybrid   Populus  clones 


Measured 

:  Populus 

:  Populus 

:Dif ference 

characteristics 

: '"Tristis  #1" 

i 

: "Northwest" 

1 

:  between 

:   mean 

:   mean1 

:  means ^ 

Wood  (without  pith) 

sp.  gr. 

0 

.402 

0.338 

**3 

Fiber  length  (mm) 

.560 

.574 

*^ 

Vessel  length  (mm) 

.276 

.247 

** 

Vessel  diameter  (mm) 

040 

.039 

— 

Vessel  composition 

of  wood  (percent) 

19 

33 

30.12 

A* 

Bark  fiber  length  (mm) 

1 

.066 

1.010 

** 

Bark  fiber  composition 

of  bark  (percent) 

9 

42 

11.52 

** 

Bark  fiber  bundle 

diameter  (mm) 

146 

.118 

** 

Bark  sp.  gr. 

.397 

.370 

— 

Intact  stem  segment 

sp.  gr. 

.367 

.324 

** 

-'Averaged  over  all  planting  densities,  replications,  and 
stem  sampling  heights. 

2Variation  due  to  planting  density,  replications,  and 
stem  sampling  heights  removed  by  ANOVA. 

3Denotes  significant  difference  at  the  99  percent 
confidence  level. 

^Denotes  significant  difference  at  the  95  percent 
confidence  level. 


for  accelerating  fiber  growth  in  stems 
grown  at  the  12  in.  by  12  in.  planting 
density.   However,  sprouts  grown  at  both 
the  9  in.  by  9  in.  and  the  12  in.  by  12 
in.  densities  had  fibers  that  were  con- 
siderably longer  than  those  grown  at  the 
24  in.  by  24  in.  density. 

The  vessels  of  P.  "Tristis  #1"  were 
considerably  longer  than  those  of  P.  "North- 
west," but  the  vessels  of  both  clones  were 
considerably  shorter  than  vessels  in  older 
Populus    (Panshin  et  al.    1964).   Their 
lengths  decreased  as  planting  density 
decreased.   The  diameters  of  the  vessels 
from  both  clones  were  similar.   Generally, 
vessels  near  the  top  of  the  stem  were 
considerably  smaller  in  diameter  than 
those  from  the  middle  or  bottom  of  the  stem. 

The  greatest  difference  in  the  wood 
anatomy  of  the  two  clones  was  in  vessel 


composition  (fig.  1).   Based  on  a  per- 
centage of  cross  sectional  area,  the  wood 
of  P.  "Tristis  #1"  was  composed  of  approx- 
imately 19  percent  vessels  as  compared  to 
30  percent  in  the  wood  of  P.  "Northwest." 
This  probably  accounts  for  the  lower 
specific  gravity  of  P.  "Northwest"  wood. 

Utilization  of  material  produced  on 
short  rotations  might  include  bark.   Bark 
fibers  would  probably  be  the  greatest  con- 
tributors of  all  bark-cell  types  to  pulp 
yields  and  properties.   The  bark  fibers 
of  the  clone  P.  "Tristis  //l"  were  longer 
than  those  of  P.  "Northwest"  but  fibers 
of  both  averaged  slightly  greater  than 
1  mm  in  length,  which  is  almost  the  same 
as  the  length  of  bark  fibers  found  in 
aspen  (Chang  19!»4,  Hossfeld  and  Kaufert 
1957).   If  bark  is  included  in  pulp,  the 
long  fibers  should  enhance  strength  prop- 
erties because  the  bark  fibers  from  both 


Figure  1. — Photomicrographs  showing   Populus  "Tristis  #1"   (left) 
had  a   lower  percentage  of  vessels  than   P.  "Northwest"   (right) 


char. 

tepo: 


;lones  were  nearly  twice  the  length  of 
the  wood  fibers. 

The  bark  of  P.  "Northwest"  had  a 
significantly  greater  percentage  of  fiber 
:han  did  that  of  P.  "Tristis  #1,"  but 
>oth  clones  averaged  approximately  10 
>ercent  fiber  based  on  a  percentage  of 
:ross  sectional  area.   Bark  fibers  were 
irranged  tangentially  in  bundles  that  had 
in  approximate  average  diameter  of  0.13 
nm.   No  brachysclereids,  commonly  called 
'stone  cells,"  were  noticed  in  the  bark 
)f  either  clone.   Apparently  this  cell 
:ype  had  not  yet  formed  in  these  young 
items  as  has  been  reported  in  other 
'opulus   species  (Chang  1954).   Diffi- 
culties in  papermaking  attributed  to 
itone  cells  could  be  avoided  if  stems 
rere  harvested  before  stone  cells  formed. 


Of  apparently  great  economic  or  prac- 
tical significance  is  that  the  bark  of 
both  clones  averaged  approximately  10  per- 
cent fiber  and  that  these  fibers  were  con- 
siderably longer  than  the  wood  fibers. 
Moreover,  no  stone  cells  were  observed  in 
the  bark  of  either  clone.   Because  of  the 
high  proportion  of  bark  weight  to  wood 
weight  and  additional  costs  of  bark  sepa- 
ration, these  findings  would  imply  that 
the  possibilities  of  profitable  bark 
usage  were  good.   The  conclusions  de- 
rived should  not  be  extrapolated  to  more 
extensive  systems  or  immediate  appli- 
cation on  a  large  scale.   However,  they 
do  point  out  that  more  comprehensive  re- 
search on  maximum  fiber  yield-short 
rotation  research  should  be  productive. 


In  P.  "Tristis  #1"  the  specific 
;ravity  of  the  bark  was  only  slightly 
.ower  than  that  of  the  wood.   In  P.  "North- 
rest"  the  specific  gravity  of  the  bark  was 
mch  greater  than  that  of  the  wood  but 
.ess  than  the  specific  gravity  of  the  bark 
n  P.  "Tristis  #1."  The  bark  of  both  clones 
ncreased  in  specific  gravity  as  stem 
eight  increased. 

The  specific  gravities  of  undissected 
stem  segments  for  both  clones  were  lower 
than  the  specific  gravities  of  their  re- 
spective bark  and  wood.   This  pattern  re- 
flects the  large  amount  and  influence  of 
)ith  in  these  small  stems. 


SUMMARY 


Two  selected  Populus   clones  grown  under 
hort  rotations  and  dense  spacings  produced 
ields  averaging  as  much  or  more  than  re- 
orded  yields  of  aspen  stands  native  to 
he  North  Central  Region  in  the  United 
tates.   The  differences  in  yields  between 
he  two  clones  grown  at  three  planting 
ensities  illustrate  that  the  selection  of 
enetic  material  and  the  cultured  regime 
nder  which  a  species  is  grown  are  signifi- 
ant  factors  that  must  be  determined  in 
jaximum  yield  systems  specifically  for  the 
jpecies  used.   Nearly  all  wood-quality  char- 
cteristics  (specific  gravity,  fiber  length, 
lessel  length,  and  vessel  composition) 
aried  significantly  between  clones,  but  most 
jharacteristics  were  well  within  the  ranges 
jeported  for  Populus   pulpwood. 
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WOOD  AND  BARK  PERCENTAGES  AND  MOISTURE  CONTENTS 
OF  MINNESOTA  PULPWOOD  SPECIES 

Richard  M.  Marden,  David  C.  Lothner,  and  Edwin  Kallio 


APPLICATION 

Bark  has  been  an  undesirable  by-product 
id  usually  has  been  burned  as  waste  or 
imped  as  landfill — both  expensive  means  of 
Lsposal.   Recently,  however,  confronted  with 
ivironmental  concerns,  the  energy  crisis, 
id  a  threatening  fiber  shortage,  wood  using 
ldustries  have  made  use  of  bark  primarily 
fuel. 

Those  individuals  involved  in  the  round- 
lod  market  will  need  data  on  certain  proper- 
es  of  both  bark  and  wood  as  the  use  of  bark 
creases.   Some  will  need  such  data  because 
ight  scaling  is  replacing  volumetric 
taling  in  the  market. 

Proportion  of  Bark  by  Cubic  Foot  Volume 

For  weight  scaling,  it  helps  to  know 
at  proportion  of  the  rough  volume  (wood 
us  bark)  is  bark  as  follows: 


Proportion 

Species 

of   bark 

ck  pine 

6.3 

nus  banksiana  Lamb. 

(5.6   to   7.0)1 

ack  spruce 

7.2 

\cea  mariana   (Mill.)   B.S.P. 

(6.6   to   7.8) 

tlsam  fir 

10.7 

Ues  balsamea    (L.)  Mill. 

(10.1   to   11.2) 

Jaking  aspen 

11.8 

Bpulus   tremuloides  Michx. 

(11.4   to   12.1) 

Jlsam  poplar 

17.5 

?pulus  balsamifera  L. 

(15.6   to   19.4) 

Calculated  at  a  95  percent  confidence 
iterval,   which  indicates  that  authors  can 
b  95  percent  certain  that  the  values  within 
ts  parentheses  include  the  true  mean. 


When  this  is  known,  the  solid  wood  volume  of 
pulpwood  can  be  calculated  from  the  rough 
wood  volume.   Furthermore  it  is  possible  to 
estimate  a  conversion  factor  (pounds  of  wood 
and  bark  per  cubic  foot  of  wood)  that  can  be 
used  to  develop  basic  data  for  weight  scaling 
pulpwood  (Lothner,  Marden,  and  Kallio  1974). 

These  data  can  also  be  used  to  estimate 
the  amount  of  bark  for  use  as  a  product  or 
fuel  that  can  be  realized  from  a  specified 
volume  of  rough  wood.   Also,  the  availability 
of  this  plus  other  information  on  bark 
weights  and  moisture  contents  can  be  used 
to  develop  specifications  for  boilers  in 
which  bark  is  to  be  used  for  fuel. 

Dry  Bark  and  Wood,  and  Moisture 
as  a  Percentage  of  Total  Green  Weight 

In  weight  scaling,  for  example,  if  the 
green  weight  of  rough  wood  is  known,  esti- 
mates can  be  made  of  dry  wood  and/or  dry 
bark  available  for  a  species  or  process.  If 
bark  is  to  be  used  for  fuel,  the  dry  weight 
of  bark  should  be  determined  since  this 
value  is  directly  related  to  fuel  recovery. 
The  green  weight  of  material  also  has  a 
bearing  on  transportation  and  processing 
costs. 

The  values  in  table  1,  except  for  black 
spruce,  are  based  on  samples  collected 
throughout  a  complete  year.   Although  these 
values  only  indicate  seasonal  changes,  there 
are  monthly  changes  within  a  season.   How- 
ever, the  sample  sizes  for  any  month  or 
season  for  all  species  except  aspen  shown  in 
table  1  were  too  small  to  give  statistically 
reliable  results.   The  monthly  values  for 
aspen  are  presented  separately  in  table  2. 


Table  1. — Mean  seasonal  and  annual  ovendry  weight  of  wood>   ovendvy 
weight  of  bark,   and  moisture  weight  as  percentages  of  total 
green  wood-bark  weights 


Table  1. 


Species   : 

Period 

Basis 

:     Wood    : 

Bark   : 

Moisture 

No.    Of 

loads 

Percent 

Percent 

Percent 

Black  spruce 

Winter 

82 

53.1 

5.1 

41.8 

(52. 3-53. 9)2 

(5.0-5.3) 

(41.0-42.5) 

Jack  pine 

Summer 

19 

50.8 

3.9 

45.3 

(48.5-53.1) 

(3.4-4.4) 

(43.0-47.6) 

Winter 

13 

49.6 

3.8 

46.6 

(47.0-52.2) 

(3.3-4.2) 

(44.1-49.1) 

Annual 

32 

50.3 

3.9 

45.8 

(48.7-52.0) 

(3.5-4.2) 

(44.2-47.5) 

Aspen 

Summer 

132 

46.7 

9.1 

44.2 

(46.1-47.3) 

(8.8-9.4) 

(43.7-44.8) 

Winter 

107 

40.8 

8.6 

50.6 

(40.4-41.1) 

(8.3-8.9) 

(50.3-51.0) 

Annual 

239 

44.1 

8.8 

47.1 

(43.5-44.6) 

(8.6-9.1) 

(46.6-47.6) 

Balsam  poplar 

Summer 

20 

38.0 

7.1 

54.9 

(36.8-39.2) 

(6.5-7.6) 

(53.8-56.0) 

Winter 

22 

36.0 

8.1 

55.9 

(35.1-36.8) 

(7.1-9.2) 

(54.7-57.1) 

Annual 

42 

37.0 

7.6 

55.4 

(36.2-37.7) 

(7.0-8.2) 

(54.6-56.2) 

Balsam  fir 

Summer 

18 

34.9 

6.3 

58.8 

(33.8-35.9) 

(5.7-6.9) 

(57.7-60.1) 

Winter 

38 

34.6 

6.1 

59.3 

(33.8-35.4) 

(5.8-6.4) 

(58.3-60.3) 

Annual 

56 

34.7 

6.2 

59.1 

(34.1-35.3) 

(5.8-6.5) 

(58.4-59.9) 

Black  spruce  was  sampled  during  January,  February,  and  March. 
2   Calculated  at  a  95  percent  confidence  interval,  which  indicates 
that  authors  can  be  95  percent  certain  that  values  within  the  parentheses 
include  the  true  mean. 


Moisture  Contents  of  Wood  and  Bark 
on  an  Ovendry  Basis 

The  moisture  content  of  wood  or  bark 
also  can  be  expressed  as  the  weight  of  water 
in  the  material  in  terms  of  a  percentage  of 
the  ovendry  weight  (tables  3  and  4  and 
fig.  1).   This  provides  a  more  understandable 
concept  of  the  relative  amounts  of  water  in 
a  material:   specifically,  wood  or  bark 
having  equal  amounts  of  water  and  dry  mater- 
ial have  a  100  percent  moisture  content  on 
an  ovendry  basis. 


Fuel  moisture  content  is  an  important 
factor  in  determining  air  requirements  and 
boiler  design.   Heat  losses  (heat  required 
to  drive  off  water)  are  higher  for  fuels 
having  higher  moisture  contents.   Accord- 
ing to  Corder  (1973),  this  lowers  boiler 
efficiency. 

Seasonal  and  annual  means  are  reported 
for  most  species.   In  table  4  and  figure  1, 
monthly  moisture  contents  are  reported  for 
aspen. 


Table  2. — Monthly  and  seasonal  aspen  ovendry  weight  of  wood, 
ovendry  weight  of  bark,   and  moisture  weight  as  a  percentage 
of  green  weight  of  wood  and  bark 


Table  2. 


Month 

'.-.'o.iil 

Bark   : 

Moisture    : 

Ba  s  i  s 

No.    of 

Perceni 

Percent 

Percent 

loads 

June 

46.2 

8.9 

44.9 

35 

(45. 2-47. 2)1 

(8.4-9.4) 

(43.8-46.0) 

July 

47.8 

9.2 

43.0 

32 

(46.6-49.0) 

(8.6-9.7) 

(42.0-44.1) 

August 

47.8 

9.0 

43.2 

30 

(46.8-48.9) 

(8.4-9.6) 

(42.1-44.3) 

Sept. 

46.6 

9.5 

43.9 

22 

(45.3-47.9) 

(8.7-10.4) 

(42.7-45.2) 

Oct. 

43.0 

8.7 

48.3 

13 

(41.9-44.1) 

(7.6-9.8) 

(46.9-49.6) 

Summer 

46.7 

9.1 

44.2 

132 

(46.1-47.3) 

(8.8-9.4) 

(43.7-44.8) 

Nov. 

41.2 

8.3 

50.5 

9 

(39.1-43.2) 

(7.2-9.4) 

(48.8-52.3) 

Dec. 

40.7 

8.6 

50.7 

22 

(39.9-41.5) 

(8.0-9.3) 

(49.8-51.5) 

Jan. 

40.3 

9.2 

50.5 

25 

(39.5-41.0) 

(8.5-10.0) 

(49.6-51.4) 

Feb. 

40.8 

8.1 

51.1 

19 

(40.1-41.5) 

(7.4-8.8) 

(50.1-52.0) 

1 

March 

41.2 

8.3 

50.5 

32 

(40.5-41.8) 

(7.8-8.8) 

(49.8-51.2) 

Winter 

40.8 

8.6 

50.6 

107 

(40.4-41.1) 

(8.3-8.9) 

(50.3-51.0) 

Calculated  at  a  95  percent  confidence  interval,  which 
indicates  that  authors  can  be  95  percent  certain  that  the  values 
within  the  parentheses  include  the  true  mean. 


Table  3. — Mean  seasonal  and  annual  moisture  content  of  wood  and  bark 

on  the  ovendpy  basis 


Species 

Period 

Basis 

:          Mean 

Moisture  Content 

:     Wood 

Bark     : 

Wood  and  Bark 

No.    of 

loads 

Percent 

Percent 

Percent 

Black  spruce1 

Winter 

82 

71.6 

81.4 

72.4 

(69. 2-74. 0)2 

(78.7-84.2) 

(70.1-74.7) 

Jack  pine 

Summer 

19 

85.2 

75.4 

84.2 

(76.9-93.5) 

(63.7-87.1) 

(76.1-92.3) 

Winter 

13 

89.4 

75.1 

88.3 

(80.1-98.6) 

(64.6-85.6) 

(79.1-97.4) 

Annual 

32 

86.9 

75.3 

85.9 

(81.0-92.8) 

(67.5-83.0) 

(80.1-91.6) 

Aspen 

Summer 

132 

82.5 

67.5 

80.0 

(80.4-84.7) 

(66.0-69.0) 

(78.1-81.8) 

Winter 

107 

111.0 

64.5 

102.9 

(109.3-112.8) 

(63.1-65.8) 

(101.4-104.5) 

Annual 

239 

95.3 

66.1 

90.2 

(93.0-97.6) 

(65.1-67.2) 

(88.3-92.2) 

Balsam  poplar 

Summer 

20 

129.0 

89.3 

122.3 

(121.6-136.5) 

(81.5-97.1) 

(116.8-127.9) 

Winter 

22 

138.8 

81.1 

127.8 

(132.4-145.2) 

(70.0-92.3) 

(120.7-134.7) 

Annual 

42 

134.1 

85.0 

125.2 

(129.2-139.1) 

(78.3-91.8) 

(120.8-129.6) 

Balsam  fir 

Summer 

18 

154.6 

85.6 

143.9 

(147.0-162.1) 

(78.9-92.4) 

(136.6-151.2) 

Winter 

38 

156.8 

89.8 

146.8 

(150.3-163.4) 

(85.7-94.0) 

(140.9-152.7) 

Annual 

56 

156.1 

88.5 

145.9 

(151.2-161.0) 

(85.0-92.0) 

(141.4-150.4) 

Black  spruce  was  sampled  only  during  January,  February,  and  March. 
1  Calculated  at  a  95%  confidence  interval,  which  indicates  that  authors  can 
be  95%  certain  that  values  within  parentheses  include  the  true  mean. 


Table   4. 


Month 

Moisture-   Content 

Basis 

:           Wood 

:                Bark           : 

Wood   and    Bark    : 

v  .      •■ 

Percent 

Percent 

Percent 

loads 

June 

84.2 

72. 6 

82.2 

35 

(80. 0-88. 4)1 

(69.1-76.1) 

(78.4-86.0) 

Julv 

77.9 

67.9 

76.1 

32 

(73.8-81.9) 

(64.7-71.1) 

(72.7-79.5) 

August 

78.8 

64.9 

76.5 

30 

(74.7-82.8) 

(62.5-67.3) 

(73.0-80.0) 

Sept. 

82.2 

62.0 

78.7 

22 

(77.7-86.7 

(59.5-64.5) 

(74.8-82.6) 

Oct. 

98.8 

67.7 

93.6 

13 

(93.5-104.1) 

(64.1-71.3) 

(88.6-98.7) 

Summer 

82.5 

67.5 

80.0 

132 

(80.4-84.7) 

(66.0-69.0) 

(78.1-81.8) 

Nov. 

109.7 

67.2 

102.5 

9 

(101.8-117.7) 

(64.4-70.0) 

(95.6-109.4) 

Dec. 

111.4 

63.9 

103.0 

22 

(107.6-115.2) 

(61.3-66.4) 

(99.7-106.3 

Jan. 

110.6 

66.3 

102.4 

25 

(106.5-114.7) 

(62.2-70.4) 

(98.8-105.9) 

Feb. 

112.2 

65.9 

104.6 

19 

(108.1-116.4) 

(62.9-68.9) 

(100.6-108.6) 

March 

110.7 

61.8 

102.5 

32 

(107.2-114.2) 

(59.9-63.7) 

(99.5-105.4) 

Winter 

111.0 

64.5 

102.9 

107 

(109.2-112.8) 

(63.1-65.8) 

(101.4-104.5) 

Calculated   at  a    95  percent   confidence    interval,    which 
indicates    that   authors   can  be   95  percent   certain   that   values 
within   the   parentheses    include    the    true  mean. 


Table  4. — Monthly  and 
seasonal  aspen  wood  and 
bark  moisture  contents 
on  an  ovendry  basis 
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Figure   1. —  Average 
monthly  wood  and  bark 
moisture  contents 
(ovendry  basis)  for 
aspen  in  northern 
Minnesota. 
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DOCUMENTATION 

Several  early  studies  report  on  proper- 
ties of  wood  and  bark  for  northern  pulpwood 
species:   bark  thickness  and  density  (Hale 
1955) ;  bark  volumes  and  fuel  properties 
(Millikin  1955) ;  moisture  content  and  speci- 
fic gravity  (Yerkes  1967,  Erickson  1972); 
and  specific  gravity  (Lamb  and  Marden  1968) . 
Weldon  (1966)  showed  it  is  possible  to  esti- 
mate the  amount  of  bark  available  for  com- 
mercial use  by  applying  bark  weight  data  to 
production  statistics.  More  recently,  the 
prospects  and  problems  of  using  bark  for 
commercial  products  and  fuel  have  been 
summarized  in  comprehensive  reports  by  the 
Forest  Products  Laboratory  (Harkin  and  Rowe 
1971);  Oregon  State  University  (Van  Vliet 
1971,  Corder  1973);  and  the  University  of 
Canterbury  (Ellis  1973) . 

Study  Methods 

The  data  were  collected  as  part  of  a 
weight  scaling  study  that  involved  sampling 
loads  of  rough  (bark  on) ,  100-inch  pulpwood 
delivered  within  one  week  after  cutting  in 
northern  Minnesota  during  1971-1972  (Lothner, 
Marden,  and  Kallio  1974).  Inasmuch  as  the 
moisture  content  values  obtained  from  this 
study  vary  with  season,  geographical  loca- 
tion, time  since  felling,  site,  and  sampling 
distribution  through  the  year,  the  data  are 
only  representative  of  the  particular 
sampling  conditions.   Likewise,  the  means 
and  confidence  intervals  are  applicable  only 
to  repeated  sampling  under  conditions  similar 
to  those  used  in  this  study. 

We  cut  a  1-inch  disk  from  the  middle 
of  each  of  three  pulp  sticks  randomly  selected 
from  each  sample  load.   The  average  diameter 
outside  bark  (DOB)  and  average  diameter  inside 
bark  (DIB)  of  the  disks  were  measured  for 
determining  the  bark  percentage  by  volume. 
The  disks  were  halved,  the  bark  separated 
from  the  wood,  and  each  portion  weighed  to 
a  tenth  of  a  gram. 

The  bark  and  wood  portions  were  oven- 
dried  and  reweighed.   Basic  calculations 
were  made  (Appendix  A)  and  analyses  under- 
taken to  obtain  the  information  presented 
in  tables  1-4. 

ANALYSIS 

We  grouped  sample  load  values  by  month 
and  season  (winter  and  summer) ,  and  calcu- 
lated group  averages  and  95  percent  con- 
fidence intervals  accordingly.   We  used  the 


one-way  analysis  of  variance  or  the  Kruskal- 
Wallis  test,  depending  on  the  homegeneity 
of  variance  among  groups  to  test  for  monthly 
and  seasonal  differences  among  group  means. 

The  sample  sizes  of  jack  pine,  balsam 
fir,  and  balsam  poplar  were  not  large  enough 
to  report  statistically  reliable  monthly 
averages.   Therefore,  only  seasonal  and  year- 
ly averages  and  confidence  intervals  were 
determined. 

For  black  spruce,  practically  all  of 
the  sample  loads  were  obtained  during  the 
winter  months  (January,-  February,  and  March), 
Therefore,  we  could  not  analyze  any  other 
seasonal  differences.   In  addition,  our 
tests  showed  there  were  not  any  significant 
differences  among  the  winter  months.   There- 
fore, only  one  average  for  the  January, 
February,  and  March  period  is  shown  in 
table  2.   The  sample  load  distribution  for 
aspen  permitted  us  to  test  for  monthly 
differences. 

Only  yearly  averages  are  shown  for 
percent  bark  by  volume  because  measurements 
do  not  vary  through  the  year.   For  the  stick 
diameters2  sampled,  the  bark  percentage 
did  not  vary  markedly,  but  the  values  for 
moisture  content  varied  by  month  and  season 
(tables  2  and  4  and  fig.  1). 


Moisture  Content  Differences 
Within  the  Pulpwood  Stick 

To  check  for  moisture  content  variation 
within  a  pulpwood  stick,  we  cut  disks  within 
1  week  after  felling  at  the  end  and  middle 
as  well  as  at  1/2- ,  1-,  2-,  and  3-foot  inter- 
vals of  each  of  33  aspen  pulpwood  sticks 
(12  during  the  summer  season  and  21  during 
the  winter  season) .   Admittedly  this  does 
not  constitute  a  sufficient  number  of  sample 
sticks  to  obtain  sound  statistical  evidence, 
but  we  can  make  the  following  general  obser- 
vations.  During  the  summer  season,  most 
drying  of  the  wood  takes  place  within  the 
first  foot  from  the  end  of  the  pulpwood 
stick  and  the  average  moisture  content  falls 
close  to  the  1-foot  interval.   For  bark, 
drying  occurs  over  the  entire  length  of  the 
pulpwood  stick.   During  the  winter  season, 
there  is  not  much  drying  of  wood  or  bark 
along  the  stick  (fig.  2). 


2See  Appendix  B  for  stick  DOB  frequency 
distributions  by  species. 
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Figure  2. — Aspen  wood  and  bark  summer  and  winter  moisture 
content    (ovendry  basis)  along  pulpwood  stick. 
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APPENDIX  A 
Basic  Calculations 


1.  The  proportion  of  bark  by  volume  estimate 
for  each  load  was  determined  as  follows: 

n      1 
Z  DOB2  -  Z  DIB2 
Proportion  bark   i=i      i=i 
by  volume  fj 

Z  DOB2 
i=l 

where  n  =  number  of  disks  cut  from  each 
load,  1-3. 

2.  The  estimate  of  percent  moisture  content 
of  bark  and  wood  on  an  ovendry  basis  for  each 
load  was  determined  by: 


Percent 
moisture  = 
content 


n        n 

Z  green  wt.  -  Z  ovendry  wt. 
i=l  i=l 


n 

Z  ovendry  wt. 
i=l 


x  100 


3.   The  percent  of  the  total  green  weight  rep- 
resented by  bark,  wood,  and  moisture  was  det- 
ermined as  follows: 


n 

Percent  ovendry   L=0D   wt"  wood  (or  bark) 
wt.  wood 
(or  bark) 


n 

Z  green  wt.  of  wood  (or  bark) 
i=l 


x  100 


n  n 

Z  green  wt.  wood  and  bark  -  Z  OD  wt .  wood  and  bark 
Percent    ^=^  ^-^ 

Moisture  =  jl 

Z  green  wt.  of  wood  and  bark 
i=l 


APPENDIX  B 


Stick  DOB  Frequency  Distribution  by  Species 
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DEBARKING  CHIPS  FROM  WHOLE  TREES  IN  THE  LAKE  STATES 


James  A.  Mattson 


Field  chipping  of  whole  trees,  coupled 
th  an  effective  system  for  removing  the 
rk  from  the  chip  mass,  is  a  means  of  in- 
easing  the  utilization  of  our  forest  re- 
tirees.  By  chipping  in  the  field,  the 
ps  and  limbs  currently  left  in  the  forest 
n  be  recovered,  and  stands  that  are  mar- 
tial or  submarginal  with  present  harvesting 
stems  can  possibly  be  harvested  economi- 
lly.   A  system  that  could  effectively 
move  the  bark  from  the  chip  mass  would 
s.e   whole-tree  chips  suitable  for  most 
aer-making  processes  and  ensure  an  ade- 
ite  market. 

Several  years  of  research  at  the  Forest 
jineering  Laboratory  (FEL)  has  shown  that 
>rocess  that  will  remove  the  bark  from  a 
Lp  mass  is  technically  feasible.2  The 
irt  of  the  bark-chip  separation-segrega- 
|>n  (BCSS)  system  developed  at  the  FEL  is 
ompression  debarker  (fig.  1)  that  basi- 
.ly  consists  of  two  compression  rolls 
it  are  hydraulically  loaded  to  maintain 
!  small  "nip"  spacing  as  chips  pa6s  between 
rolls.   Pressure  separates  the  bark  from 
wood.   The  wood  chips  pass  straight 
[■ough  the  nip  while  the  bark  adheres  to 

rolls  and  is  collected  separately.  Com- 
ission  debarking  alone  can  remove  50  to  70 
[cent  of  the  bark  in  a  chip  mass. 


j — ; 

John  R.    Em-ckson.      Bark-ohzp 
toregation:     a  key  to  whole-tree  utiliza- 
in.      For.    Prod.    J.    21(9) : 111-113.      1971. 

Rodger  A.   Arola  and  John  R. 
%okson.      Compression  debarking  of  wood 
Kps.      USDA  For.    Serv.   Res.   Pap.    NC-85, 
'\p.,   illus.      North  Cent.   For.   Exp.    Stn.  , 
"t  Paul,   Minn.      197Z. 


Steaming  the  chips  before  compression 
removes  significantly  more  bark.   Steaming 
apparently  softens  the  cambial  layer  of  the 
bark  and  makes  the  bark  tacky  so  that  it 
adheres  better  to  the  compression  debarker 
rolls.   Steaming  before  compression  can  in- 
crease total  bark  removal  as  much  as  an 
additional  30  percent  of  input  bark. 

The  bark  left  in  the  chip  mass  after 
presteaming  and  compression  debarking  is 
concentrated  in  the  small  size  fractions  of 
the  output.   Earlier  work  has  shown  that 
mechanical  attrition  is  feasible  for  reduc- 
ing residual  bark  even  further.   To  obtain 
a  final  output  that  is  practically  bark  free, 
a  combination  of  presteaming,  compression 
debarking,  attrition,  and  removal  of  the 
smallest  material  (both  bark  and  wood)  from 
the  output  should  be  used.   (The  FEL  has 
used  3  percent  or  less  residual  bark  as  the 
objective  of  the  bark  removal  research,  as 
recommended  by  the  American  Pulpwood  Associa- 
tion. ) 

Mostly  bolewood  has  been  used  in  devel- 
oping the  BCSS  system.   This  choice  was  made 
to  reduce  the  number  of  variables  in  the  test 
program  and  to  simplify  material  acquisition 
and  handling.   However,  before  the  BCSS  sys- 
tem could  be  considered  a  solution  to  the 
problem  of  bark  removal  after  chipping,  it 
had  to  be  demonstrated  that  BCSS  could 
achieve  acceptable  results  with  whole-tree 
chips  in  all  seasons  of  the  year. 


3  James  A.   Mattson.      Benefioiation 
of  compression  debarked  wood  chips.      USDA 
For.   Serv.   Res.    Note  NC-180,    4  p.,   illus. 
North  Cent.   For.    Exp.   Stn.,   St.    Paul,   Minn. 
1974. 
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Figure  1. — Simplified  schematic  diagram  of 
the  compression  debarker. 


OBJECTIVES 

The  objective  of  this  study  was  to 
evaluate,  in  terms  of  bark  removal  and  wood 
recovery,  the  effectiveness  of  the  compres- 
sion debarker  plus  the  complementary  pre- 
steaming  and  attrition  treatments  on  whole- 
tree  chips  of  three  major  Lake  States  species, 
quaking  aspen  (Populus  tremuloides   Michx) , 
sugar  maple  (Acer  saccharum   Marsh),  and  jack 
pine  (Pinus  banksiana   Lamb) . 


SAMPLE  MATERIAL 

Three  sample  trees  of  each  species  were 
cut  bimonthly  from  March  1973  to  January  1974. 


All  the  trees  were  obtained  from  the  lands 
the  Ford  Forestry  Center  of  Michigan  Techno' 
logical  University  near  L'Anse,  Michigan 
trees  were  chipped  with  a  Morbark  Chip-pac 
owned  and  operated  by  the  Ford  Forestry  Ceri' 
ter.   The  chipper  was  equipped  with  an  over: 
size  screen  and  has  rechipping  capability  si 
oversized  chips  were  eliminated.   The  chippi 
has  a  9-inch  spout  so  the  trees  sampled  in 
this  study  were  all  in  the  6-to  8-inch  diami 
ter  class  (table  1) . 


4  Mention  of  trade  names  does  not 
constitute  endorsement  of  the  products 
by  the  USDA  Forest  Service. 
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Table  1. — Data  on  trees  chipped1 


ASPEN 


Date 

Total 

Moisture 

Specific 

cut  and 
chipped 

D.b.h. 

Height 

Age 

green 
weight 
of  chips 

content      : 

grav 

ity" 

Wood   : 

Bark   : 

Wood   : 

Bark 

Inches 

Feet 

'•'■     .".' 

Lbs 

Percent 

Percent 

3-13-73 

7.0 

66.3 

75.0 

464 

100.9 

77.2 

0.376 

0.539 

5-16-73 

6.9 

67.1 

73.7 

497 

106.1 

77.0 

.378 

.544 

8-3-73 

7.0 

68.6 

74.0 

522 

98.5 

100.4 

.366 

.472 

9-26-73 

6.9 

64.0 

76.7 

456 

88.4 

97.5 

.374 

.499 

11-28-73 

7.0 

68.7 

69.7 

533 

103.5 

86.9 

.368 

.526 

1-18-74 

7.2 

67.6 

70.3 

608 

121.4 

89.8 

.349 

.500 

Mean 

7.0 

67.0 

73.2 

513 

103.1 

88.1 

.368 

.513 

SUGAR  MAPLE 

3-22-73 

6.9 

49.6 

71.3 

495 

63.6- 

55.3 

0.601 

0.605 

5-23-73 

6.8 

50.9 

61.0 

4  1 9 

58.6 

67.2 

.598 

.536 

7-23-73 

6.9 

52.0 

74.3 

432 

58.3 

89.1 

.545 

.459 

9-27-73 

6.6 

57.4 

71.7 

445 

56.4 

81.6 

.581 

.468 

11-20-73 

7.0 

58.4 

71.0 

519 

64.8 

64.4 

.584 

.512 

1-23-74 

6.8 

56.1 

65.0 

463 

69.4 

55.4 

.558 

.566 

Mean 

6.8 

54.1 

69.1 

462 

61.9 

68.8 

.578 

.524 

JACK  PINE 

3-23-73 

7.1 

53.0 

42.3 

449 

103.5 

158.2 

0.368 

0.295 

5-9-73 

6.8 

50.5 

40.7 

425 

121.1 

150.0 

.367 

.314 

7-11-73 

7.2 

54.5 

43.3 

456 

127.9 

207.0 

.350 

.256 

9-14-73 

6.9 

53.6 

45.0 

447 

108.4 

208.9 

.361 

.285 

11-29-73 

6.9 

54.1 

45.7 

449 

103.2 

167.2 

.374 

.338 

1-25-74 

7.6 

51.8 

44.0 

508 

100.6 

163.5 

.361 

.294 

Mean 

7.1 

52.9 

43.5 

456 

110.8 

175.8 

.363 

.297 

Mean  values  for  three  trees 

Oven-dry. 

Dry  weight/green  volume. 


After  chipping,  the  material  from  each 
2e  was  thoroughly  mixed  and  a  100-pound 
aple  taken  for  analysis.   The  100-pound 
|nple  was  screened  into  several  size  classes 
Ll/8  inch,  5/8  inch,  3/8  inch,  3/16  inch, 
p  fines) ,  and  smaller  samples  were  taken 
I  each  size  class  to  obtain  bark  and  foliage 
itents.   Additional  samples  were  taken  to 
termine  moisture  contents  and  specific 
avities  of  the  wood  and  bark. 


The  season  in  which  the  trees  are  cut 
is  a  significant  effect  on  the  amount  of 
itk-wood  (wood  chips  with  bark  still 
Ltached)  present  in  the  chips.   The  bark- 
Fid  in  the  sample  chips  ranged  from  2  to 
percent  of  the  total  chip  mass  depend- 


ing on  the  season  (table  2) .   The  added 
requirements  of  breaking  the  bark-wood 
bond  before  segregating  the  bark  from  the 
wood  reduces  the  amount  of  bark  that  can  be 
removed  by  one  pass  through  the  compression 
debarker. 

Most  chips  are  in  the  5/8-inch  and 
3/8- inch  size  fraction  (table  3).   These 
two  size  fractions  contain  over  70  per- 
cent of  the  total  material  and  about  80 
percent  of  the  total  wood  present  in  the 
chip  mass.   The  smaller  chips  contain  a 
greater  proportion  of  the  bark  than  the 
larger  chips,  but  the  bark  percents  in 
all  size  fractions  is  too  high  to  selective 
screen  chips  to  obtain  a  product  with  an 
acceptable  level  of  bark. 


Table  2. — Chip  analysis  of  whole-tree 
chips  by  cutting  date 
(In  percent) 


ASPEN 


Cutting 
date 

:  Free 
:  wood 

Free   : 
bark   : 

Bark- 
wood 

Park-wood 

:   Total 
:   wood 

:   Total  : 
:   bark   : 

Twigs 

Foliage 

:    Wood 

Bark 

3-73 

65.27 

13.84 

20.30 

50.08 

41.92 

77.07 

22.34 

0.59 

0 

5-73 

72.58 

20.42 

5.92 

54.72 

45.28 

75.88 

23.03 

1.08 

0 

7-73 

71.73 

18.72 

6.99 

61.94 

38.06 

76.04 

21.42 

1.11 

1.44 

9-73 

66.23 

16.17 

15.08 

59.24 

40.76 

75.23 

22.26 

1.27 

1.25 

11-73 

69.95 

15.08 

14.29 

57.26 

42.74 

78.11 

21.21 

.68 

0 

1-74 

73.69 

17.98 

7.91 

53.10 

Ul   ."( 

77.90 

21.68 

.43 

0 

SUGAR 

MAPLE 

3-73 

77.95 

11.39 

9.C5 

82.92 

17.08 

85.45 

12.93 

1.62 

0 

5-73 

81.42 

13.98 

2.90 

79.35 

20.65 

83.73 

14.57 

1.69 

0 

7-73 

78.77 

13.36 

2.14 

79.21 

20.79 

80.46 

13.81 

1.96 

3.78 

9-73 

72.28 

11.53 

11.52 

80.66 

19.34 

81.62 

13.72 

2.65 

2.02 

11-73 

77.26 

10.42 

10.54 

79.48 

20.52 

85.63 

12.59 

1.78 

0 

1-74 

77.58 

11.33 

9.48 

82.80 

17.20 

85.43 

12.96 

1.61 

0 

JAI  r 

PINE 

3-73 

(.K.M8 

5.95 

18.12 

82.27 

17.73 

83.73 

9.19 

2.06 

4.98 

5-73 

72.13 

11.06 

4.92 

76.89 

23.11 

75.93 

12.18 

3.97 

7.93 

7-73 

75.62 

11.57 

3.88 

80.  L4 

19.86 

78.83 

12.34 

2.94 

5.99 

9-73 

69.08 

8.73 

12.09 

83.67 

16.33 

79.21 

10.69 

3.32 

6.77 

11-73 

67.38 

6.96 

16.02 

79.72 

20.28 

80.16 

10.20 

3.23 

6.41 

1-74 

/  7.15 

7.09 

9.47 

74.71 

25.29 

84.23 

9.49 

2.33 

3.95 

'Mean  values  for  three  trees. 


Table  3. — Chip  analysis  of  whole- tree 
chips  by  size  fractions1 
(In  percent) 


Chip   : 

Total 
chips 

:  Total 

:  Total 

size   '• 
(inches)  : 

Wood 

:  Bark 

Twigs 

Foliage 

:  wood 
:  in  run 

'     bark 
:  in  run 

1-1/8 

9.41 

81.50 

15.64 

2.16 

0.70 

10.10 

6.38 

5/8 

55.23 

87.22 

11.71 

.72 

.35 

62.81 

29.41 

3/8 

25.33 

65.05 

33.77 

.85 

.33 

21.58 

38.49 

3/16 

6.98 

45.90 

52.56 

.81 

.73 

4.23 

16.51 

Fines 

3.05 

31.23 

67.22 

0 

1.54 

1.28 

9.21 

Total 

100 

76.70 

21.99 

.86 

.45 

100 

100 

SUGAR 

MAPLE 

1-1/8 

17.22 

93.20 

2.80 

3.45 

0.56 

19.33 

3.52 

5/8 

51.77 

93.10 

4.88 

1.23 

.79 

57.56 

18.67 

3/8 

21.21 

73.65 

23.17 

2.20 

.98 

18.80 

35.56 

3/16 

6.86 

42.38 

51.37 

3.67 

2.58 

3.50 

26.20 

Fines 

2.93 

21.64 

74.24 

.05 

4.07 

.81 

16.05 

Total 

100 

83.72 

13.43 

1.89 

.97 

100 

100 

JACK 

PINE 

1-1/8 

10.82 

86.06 

5.26 

4.77 

3.91 

11.72 

5.41 

5/8 

48.29 

89.29 

5.39 

1.55 

3.81 

53.62 

24.28 

3/8 

25.37 

83.93 

10.03 

3.92 

2.12 

26.55 

23.36 

3/16 

10.12 

53.25 

22.71 

7.84 

16.20 

6.79 

21.68 

Fines 

5.40 

18.34 

51.15 

0 

30.51 

1.31 

25.27 

Total 

100 

80.36 

10.68 

2.97 

6.01 

100 

100 

'Mean  values  for  18  trees. 


TEST  PROCEDURE 

Four  50-pound  batches  of  chips  were 
ken  from  each  tree.   Each  batch  was  pro- 
ssed  for  bark  removal  by  a  different 
eatment  as  follows: 

1.  Compression  debarked  only  (here- 
after referred  to  as  process  "C") . 
(For  all  compression  debarker  runs, 
the  machine  variables  were  set  at 
previously  determined  optimum  val- 
ues:  0.020- inch  nip  spacing,  1,400 
pounds/ lineal  inch  hydraulic  pres- 
sure on  the  rolls,  640  surface  feet/ 
minute  roll  speed,  and  1  ft  /minute 
feed  rate.) 

2.  Presteamed  at  10  lb/in.   for  5  min- 
utes and  compression  debarked. 
(Process  "S10C".) 

3.  Presteamed  at  30  lb/in.2  for  5  min- 
utes and  compression  debarked. 
(Process  "S30C".) 

4.  Process  S30C  followed  by  a  hammer- 
milling  of  the  two  smaller  size 
fractions  of  the  compression  debark- 
er output  (those  chips  that  passed 
a  5/8-inch  screen  but  were  retained 
on  a  3/16-inch  screen) .   The  hammer- 
mill  used  in  this  study  was  a  modi- 
fied laboratory  coal  crusher  equipped 
with  a  bar  screen  with  the  bars  run- 
ning perpendicular  to  the  axis  of 
the  hammer  shaft  (fig.  2).   Three 
solid  full-length  hammers  were  used 
in  the  mill.   (The  hammermill  was 
used  on  the  last  four  cuttings  only.) 

Each  run  was  analyzed  for  size  classes, 
llcent  of  wood,  bark,  and  foliage  by  size 
Jlsses,  percent  of  input  bark  and  foliage 
eloved,  and  percent  of  input  wood  recovered. 
]  analysis  was  done  on  an  oven-dry  basis. 

RESULTS 

The  tests  show  that  bark  removal  for 
icess  S30C  is  significantly  better  than 
ah  process  S10C  and  process  C  for  all 
bee  species  during  all  cutting  seasons 
fg.  3).   Process  S30C  removes  an  average 
£12.5  percent  more  bark  than  process 
l'C  and  an  average  of  33.3  percent  more 
ak  than  process  C. 

Wood  recovery  for  aspen  is  not  sig- 
ijicantly  different  for  the  three 
rcesses  or  cutting  seasons,  but  both 
ale  and  jack  pine  wood  recovery  are  af- 
eted  by  both  process  and  cutting  season. 
o$   recovery  for  jack  pine  and  maple  is 


significantly  lower  for  process  S30C  than 
for  the  other  processes;  maple  wood  re- 
covery is  lower  during  the  foliage  season 
and  jack  pine  wood  recovery  is  significantly 
lower  during  the  dormant  season.   A  signifi- 
cant portion  of  the  wood  lost  during  steam- 
ing and  compression  debarking  adheres  to 
the  knurled  roll  of  the  compression  debarker. 
The  use  of  the  two  smooth  rolls  on  the  com- 
pression debarker  is  being  investigated  as 
one  means  of  reducing  this  loss.   A  separate 
study  has  also  indicated  that  about  70  per- 
cent of  the  wood  fiber  that  is  removed  by 
the  knurled  roll  can  be  easily  recovered. 

The  presteaming-compression  debarking 
process  is  effective  in  removing  foliage 
from  whole-tree  chips  of  jack  pine  only; 
an  average  of  58  percent  of  the  input 
foliage.   Similar  to  the  residual  bark, 
the  residual  foliage  is  concentrated  in 
the  small  size  fractions  of  the  output  from 
the  compression  debarker. 

The  total  mean  residual  bark  content 
of  the  presteamed  and  compression  debarked 
chips  (process  S30C)  ranges  from  3.36  per- 
cent to  5.30  percent  for  aspen,  4.22  per- 
cent to  7.35  percent  for  maple,  and  3.19 
percent  to  4.54  percent  for  jack  pine 
(table  4).   Thus,  the  presteaming  and 
compression  debarking  process  alone  does 
not  reduce  the  residual  bark  content  to 
the  desired  level  of  3  percent  or  less. 
For  all  species  and  cutting  seasons,  the 
residual  bark  content  of  the  1-1/8-inch 
and  5/8-inch  size  classes  are  less  than 
3  percent,  but  both  the  3/8- inch  and 
3/16-inch  size  classes  exceed  the  de- 
sired bark  content  for  all  species  be- 
cause the  bark  is  concentrated  in  these 
fractions  (table  5). 

Hammermilling  the  chips  smaller  than 
5/8-inch  from  the  compression  debarker 
output  further  reduces  the  size  of  the  bark 
particles  and  concentrates  the  residual 
bark  in  the  3/16-inch  size  fraction.   Re- 
moval of  this  size  fraction  then  reduces 
the  output  to  less  than  3  percent  bark  for 
all  conditions  (table  6) .   The  addition  of 
the  hammermilling  and  eliminating  the  3/16- 
inch  size  fraction  also  reduces  the  wood 
recovery  to  a  range  of  71  to  88  percent. 
However,  the  particles  removed  are  of  uni- 
form size  and  should  be  ideally  suited  for 
use  either  in  particleboard  or  as  boiler 
fuel. 


5  Rodger  A.   Arola.      Fiber  recovery 
from  compression  debarking  roll  waste. 
(In  process. ) 
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Figure  2. — Schematic  of  hammermill  used  to 
beneficiate  output  of  compression  debarker. 
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Figure  3. — Bark  removal  and  wood  recovery 
for  aspen,    sugar  maple,   and  jack  pine 
for  processes  SZOC,   S10C,   and  C  by 
cutting  date. 


Table  4. — Compression  debarking1  results 

for  whole-tree  chips 

(In  percent) 


ASPEN 


Cutting] 

Input 

Output  \ 

Input 

Input 

Output 

:   Input 

Total    : 

Input 

date 

bark 

bark 

bark 

removed 

Foliage' 

Foliage 

:  foliage 
:  removed 

weight   : 
removed  : 

wood 
recovered 

3-73 

19. 342 

4.82 

79.67 

— 





18.44 

96.24 

(0.67) 

(0.25) 

(0.54) 

(0.94) 

(0.81) 

5-73 

21.18 

3.36 

87.43 

— 

— 

— 

20.53 

97.43 

(1.38) 

(0.54) 

(1.12) 

(0.91) 

(0.25) 

7-73 

20.14 

3.97 

84.38 

0.96 

0.86 

28.11 

20.82 

95.48 

(0.79) 

(0.24) 

(0.20) 

(0.31) 

(0.28) 

(6.10) 

(1.17) 

(0.66) 

9-73 

21.42 

4.75 

82.34 

1.05 

1.05 

21.32 

20.75 

96.27 

(0.73) 

(0.45) 

(2.40) 

(0.37) 

(0.42) 

(3.75) 

(0.96) 

(0.15) 

11-73 

19.98 

4.93 

79.72 

— 

— 

— 

18.13 

97.33 

(0.36) 

(1.20) 

(5.51) 

(1.73) 

(0.61) 

1-74 

21.54 

5.30 

80.35 

— 

— 

— 

20.22 

96.29 

(0.38) 

(0.92) 

(3.43) 

(1.10) 

(0.93) 

SUGAR  MAPLE 

3-73 

12. 812 

5.87 

59.90 

— 

— 

— 

12.37 

94.62 

(1.01) 

(0.82) 

(3.83) 

(2.35) 

(3.11) 

5-73 

14.24 

7.35 

56.09 

— 

— 

— 

14.86 

91.99 

(0.14) 

(0.34) 

(2.86) 

(3.65) 

(3.85) 

7-73 

14.33 

6.45 

66.10 

1.85 

1.58 

31.92 

23.15 

83.93 

(1.27) 

(2.06) 

(6.89) 

(0.58) 

(0.69) 

(10.45) 

(4.31) 

(5.29) 

9-73 

14.25 

6.90 

61.56 

1.79 

2.03 

18.72 

20.65 

86.50 

(1.51) 

(0.79) 

(2.56) 

(0.84) 

(1.04) 

(4.27) 

(3.22) 

(3.69) 

11-73 

14.01 

6.80 

58.16 

— 

— 

— 

13.64 

93.59 

(0.70) 

(1.19) 

(6.45) 

(2.54) 

(2.26) 

1-74 

14.10 

4.22 

7  5.80 

-- 

-- 

-- 

19.10 

90.22 

(0.43) 

(0.21) 

(0.93) 

(3.40) 

(4.40) 

JACK  PINE 

3-73 

8. 63' 

3.19 

68.69 

3.34 

1.80 

54.24 

15.58 

91.11 

(0.76) 

(0.20) 

(1.80) 

(0.95) 

(0.48) 

(2.56) 

(1.70) 

(1.10) 

5-73 

12.48 

4.30 

71.47 

4.84 

2.48 

57.73 

16.91 

93.69 

(0.76) 

(0.50) 

(1.60) 

(0.38) 

(0.56) 

(7.07) 

(0.56) 

(0.56) 

7-73 

10.33 

3.74 

69.34 

3.53 

1.44 

65.12 

15.12 

93.42 

(0.62) 

(0.37) 

(0.94) 

(0.57) 

(0.23) 

(2.64) 

(2.56) 

(2.41) 

9-73 

11.24 

4.06 

69.76 

3.99 

2.14 

55.29 

16.63 

92.26 

(1.17) 

(0.30) 

(2.45) 

(0.64) 

(0.32) 

(4.47) 

(1.72) 

(1.36) 

11-73 

10.29 

4.54 

62.66 

4.82 

2.36 

59.09 

16.60 

92.13 

(1.37) 

(0.29) 

(3.45) 

(0.75) 

(0.44) 

(1.75) 

(0.48) 

(0.88) 

1-74 

9.99 

3.52 

71.44 

3.07 

1.56 

58.70 

18.05 

89.49 

(1.12) 

(0.83) 

(3.53) 

(0.91) 

(0.49) 

(2.18) 

(0.53) 

(0.53) 

'Process  S30C. 
Mean  with  standard  deviation 


in  parenthesis. 


CONCLUSIONS 

Presteaming  followed  by  compression 
debarking  can  remove  55  to  90  percent  of 
the  input  bark  in  a  mass  of  whole-tree 
chips  of  three  major  Lake  States  species, 
quaking  aspen,  sugar  maple,  and  jack  pine. 
Residual  bark  contents  range  from  3.2  per- 
cent to  7.5  percent  and  wood  recovery  from 
80  to  97  percent. 


Addition  of  a  hammermill  treatment  on 
the  size  fraction  smaller  than  5/8-inch 
after  compression  debarking  and  elimination 
of  the  bark-heavy  3/16-inch  size  fraction 


reduces  the  residual  bark  content  to  3  per- 
cent or  less  for  all  three  species.   Thus, 
whole-tree  chips  processed  by  the  BCSS  sys- 
tem of  the  Forest  Engineering  Laboratory 
are  suitable  for  use  in  all  but  the  most 
stringent  pulping  operations. 

It  is  true  that  more  wood  is  lost  in 
BCSS  than  in  conventional  roundwood  de- 
barking systems.   However,  the  increased 
amount  of  fiber  recovered  per  acre  when 
whole-trees  are  harvested  will  mean  more 
clean  chips  available  for  pulping.   In 
addition,  the  reject  material  from  the 
BCSS  can  easily  be  used  in  a  secondary 
product  or  as  fuel. 


8 


Table  5. — Output,   bark,  and  foliage 
remaining  in  chips  of  various  sizes 
after  presteaming  and  compression 
debarking  whole-tree  chips 
(In  percent) 


Cutting 
date 

1- 

inch 

5/8    inch 

3/8    inch 

3/16    i 

nch 

:  Output 

:    Bark 

Foliage 

Output 

Bark 

:     Foliage 

:  nulj.iit 

:     Bark  : 

Foliage 

Output 

:    Bark 

:    Foliage 

3-73 

7.55 

0 

.54 

0 

61  .82 

0.71 

0 

24.09 

7.67 

0 

6.54 

38.35 

0 

5-73 

6.80 

.38 

0 

63.18 

.21 

0 

23.87 

5.58 

0 

6.15 

30.39 

0 

7-73 

9.96 

.11 

1.18 

63.40 

.85 

0.72 

20.93 

7.38 

0.63 

5.71 

33.37 

2.93 

9-73 

8.33 

48 

1.18 

62.35 

.93 

.70 

22.46 

7.19 

1.56 

6.86 

37.13 

2.47 

11-73 

5.33 

.26 

0 

60.55 

.82 

0 

27.25 

7.62 

0 

6.88 

33.54 

0 

1-74 

'   4.72 

39 

0 

59.3  7 

.93 

0 

27.85 

8.21 

0 

8.06 

30.15 

0 

SUGAR  MAPLE 

3-73 

9.89 

0 

.41 

0 

58.61 

0.62 

0 

23.18 

6.76 

0 

8.33 

47.09 

0 

5-73 

13.45 

50 

0 

56.22 

.96 

0 

22.41 

12.85 

0 

7.92 

48.52 

0 

7-73 

12.48 

47 

0.50 

59.24 

1.55 

1.43 

20.97 

12.10 

3.35 

7.30 

39.96 

6.28 

9-73 

17.42 

.94 

.53 

50.82 

1.03 

1.12 

22.60 

10.97 

1.93 

9.15 

40.82 

5.27 

11-73 

12.25 

.59 

0 

55.83 

.94 

0 

23.61 

10.09 

0 

8.30 

46.02 

0 

1-74 

8.43 

7J 

0 

55.23 

.57 

0 

27.38 

4.29 

0 

8.96 

33.10 

0 

JACK  PINE 

3-73 

6.04 

0 

67 

0.09 

49.89 

0.45 

0.20 

34.26 

3.21 

1.06 

9.81 

18.87 

13.49 

5-73 

6.02 

1 

09 

0 

50.55 

.71 

0 

32.68 

4.29 

0.95 

10.75 

23.09 

20.16 

7-73 

7.55 

62 

.05 

50.83 

.84 

0 

31.72 

4.42 

.48 

9.90 

19.11 

13.23 

9-73 

6.17 

80 

.12 

50.94 

.58 

0 

31.89 

4.31 

.71 

10.99 

21.34 

17.40 

11-73 

4.88 

1 

01 

.16 

52.85 

1.17 

.10 

31.40 

5.66 

.95 

10.87 

19.42 

18.33 

1-74 

3.23 

] 

1" 

.13 

44.58 

.78 

0 

1  7 .  9  '> 

2.61 

.92 

14.24 

14.84 

8.35 

'Process  S30C. 


Table  6. — Compression  debarking     results 
with  minus  5/8-inch  fraction  hammer- 
milled  and  minus  3/8-inch  fraction 
discarded  from  output 

(In  percent) 


ASPEN 


Cutting 

'    Input 

Output    ' 

Input 

Input 

'    Output    " 

Input       : 

Total      : 

Input 

date 

'    bark 

bark 

bark 
removed 

Foliage 

'    Foliage' 

foliage    : 
removed    : 

weight    : 
removed    : 

wood 
recovered 

7-73 

19. 032 

1.26 

95.26 

1.12 

0.89 

43.92 

28.38 

87.78 

(0.79; 

(0.22) 

(0.94) 

(0.12) 

(0.20) 

(8.46) 

(0.69) 

(0.52) 

9-73 

21.59 

1.65 

94.67 

1.09 

0.95 

38.77 

30.33 

87.76 

(1.02) 

(0.06) 

(0.55) 

(0.19) 

(0.12) 

(9.79) 

(1.92) 

(1.90) 

11-73 

20.14 

1.79 

93.60 







28.17 

88.35 

(0.19) 

(0.31) 

(1.15) 

(0.34) 

(0.38) 

1-74 

21.42 

1.71 

94.41 

__ 

__ 

__ 

30.58 

86.83 

(0.88) 

(0.83) 

(2.79) 

(1.44) 

(1.95) 

SUGAR  MAPLE 

7-73 

14.17 

1.99 

90.68 

1.87 

1.49 

47.06 

33.39 

76.57 

(0.50) 

(0.77) 

(3.43) 

(0.96) 

(0.84) 

(7.92) 

(1.16) 

(1.40) 

9-73 

15.02 

2.34 

89.52 

1.44 

0.97 

59.06 

33.70 

76.73 

(1.05) 

(0.55) 

(3.45) 

(0.51) 

(0.63) 

(11.41) 

(3.75) 

(3.86) 

11-73 

13.56 

1.60 

91.32 

— 

— 

— 

24.95 

85.45 

(1.09) 

(1.23) 

(6.28) 

(2.55) 

(3.03) 

1-74 

14.15 

1.16 

94.43 

— 

— 

— 

31.32 

79.07 

(1.05) 

(0.21) 

(0.40) 

(3.67) 

(3.81) 

JACK   PINE 

7-73 

10.27 

1.40 

90.45 

3.75 

0.22 

95.84 

28.99 

81.27 

(0.56) 

(0.52) 

(3.14) 

(0.39) 

(0.08) 

(1.57) 

(2.04) 

(2.75) 

9-73 

10.76 

1.03 

93.66 

3.95 

0.21 

96.29 

32.43 

78.28 

(1.09) 

(0.48) 

(2.53) 

(0.68) 

(0.09) 

(1.61) 

(2.50) 

(3.58) 

11-73 

10.79 

2.12 

86.53 

4.74 

0.51 

92.53 

31.75 

78.66 

(0.88) 

(0.10) 

(1.60) 

(0.11) 

(0.22) 

(3.55) 

(3.16) 

(3.20) 

1-74 

11.65 

1.83 

89.01 

3.77 

0.34 

94.75 

38.52 

70.92 

(3.30) 

(0.49) 

(5.79) 

(1.30) 

(0.19) 

(1.21) 

(7.56) 

(5.01) 

'Process   S30C. 

2Mean  with   standard  deviation   in  parenthesis. 
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GROWTH  OF  FOUR  TYPES  OF  WHITE  OAK  REPRODUCTION 
AFTER  CLEARCUTTING  IN  THE  MISSOURI  OZARKS 

Robert  A.  McQuilkin 


Regeneration  of  oak  stands  after  clear- 
cutting  depends  on  advance  reproduction 
(seedlings  and  seedling  sprouts  present  at 
the  time  of  the  cutting)  and  stump  sprouts 
(Sander  and  Clark  1971).   The  study  reported 
here  corroborates  that  fact,  and  presents 
data  on  the  survival  and  height  growth  of 
four  types  of  white  oak  (Querous  alba   L.) 
reproduction  following  clearcutting  in 
even-aged  white  oak  stands  in  the  Missouri 
Ozarks. 


METHODS 

Sixteen  0.1-acre  plots  were  established 
in  even-aged  oak  stands  on  the  Sinkin 
Experimental  Forest  in  southeastern  Missouri. 
The  stands  were  composed  primarily  of  white 
oak;  black  oak  (Q.    velutina   Lam.)  and  scar- 
let oak  (Q.    aocainea   Muenchh.)  were  minor 
stand  components.   Stand  ages  were  between 
41  and  58  years,  and  site  indexes  (McQuilkin 
1974)  ranged  from  48  to  63  feet. 


The  plots  were  clearcut  in  April  1963. 
After  the  cutting,  four  types  of  white  oak 
reproduction  were  established  in  a  com- 
pletely randomized  design  on  the  16  plots; 
one  reproduction  type  was  established  per 
plot,  and  each  type  was  established  on  four 
randomly  selected  plots.   Twenty-five  in- 
dividual plants  were  established  or  located 
on  each  plot  to  give  a  total  of  100  plants 
of  each  reproduction  type  over  the  entire 
study. 


The  four  types  of  reproduction  were 
seedlings,  seedling  sprouts,  new  seedling 
sprouts,  and  stump  sprouts. 


seedlings  were  obtained  by  direct  seeding 
after  the  clearcut  and  planting  1-0  nur- 
sery stock  (from  the  same  seed  source) 
where  the  direct  seeding  failed  to  produce 
the  necessary  25  seedlings  per  plot.   On 
the  4  seedling  plots,  48  direct-seeded 
seedlings  were  alive  at  the  end  of  the  first 
growing  season,  and  52  1-0  seedlings  were 
planted  as  replacements. 


Seedling  sprouts 

Sprouts  with  root  systems  several-to- 
many  years  older  than  the  tops  are  seedling 
sprouts.   These  develop  as  a  result  of 
repeated  top  dieback  and  resprouting  (Merz 
and  Boyce  1956) .   To  ensure  that  the  roots 
were  at  least  several  years  older  than  the 
tops,  seedling  sprouts  were  selected  that 
had  a  root  at  least  1  inch  in  diameter  at 
the  ground  line  but  had  a  top  less  than 
0.5-inch  d.b.h.   The  mean  height  of  the  100 
selected  stems  was  2.2  feet. 


New  seedling  sprouts 

New  sprouts  originating  from  the  base 
of  seedling  sprouts  (described  above)  are 
new  seedling  sprouts.   In  this  study,  these 
were  created  by  cutting  off  the  tops  of 
seedling  sprouts  just  above  the  root  collar. 


Stump  sprouts 

Sprouts  originating  from  stumps  of  the 
overstory  trees  are  stump  sprouts.   They 
were  selected  4  months  after  the  trees  were 
cut,  and  only  those  stumps  that  had  already 
produced  at  least  one  sprout  were  selected. 
One  plot  had  only  24  sprouting  stumps,  so 
the  stump  sprout  data  for  the  whole  study 
are  based  on  a  total  of  99  stumps. 


Seedlings 

Seedlings  are  young  plants  with  tops 
and  roots  of  the  same  age.   In  this  study, 


Immediately  after  the  clearcut,  under- 
story  stems  down  to  0.5-inch  d.b.h.  were 
cut  on  the  seedling  sprout  plots,  and  all 


understory  vegetation  (other  than  the  study 
trees)  was  cut  on  the  rest  of  the  plots. 

All  study  plants  were  released  from 
competing  vegetation  after  the  first  and 
second  growing  seasons.   No  further  release 
was  done  after  that. 


The  survival,  height 
study  trees  were  measured 
years.  If  more  than  one 
was  present,  the  height  o 
was  measured.  Form  was  r 
single,  straight,  erect  s 
stem  or  multiple  stems  of 
or  pool" — multiple  stems  o 
flat-topped  crowns,  exces 
or  trees  with  stem  decay. 


and  form  of  all 
each  fall  for  10 
stem  per  plant 
f  the  tallest  stem 
ecorded  as:  good — 
tem;  fair — leaning 

unequal  height; 
f  about  equal  height, 
sive  sweep  or  crook, 


RESULTS 

Survival  of  the  four  reproduction  types 
after  10  years  was: 


Seedlings 
Seedling  sprouts 
New  seedling  sprouts 
Stump  sprouts 


Percent 
79 
95 
93 
97 


As  expected  the  stump  sprouts  grew  the 
most;  height  growth  of  the  seedling  sprouts 
and  the  new  seedling  sprouts  (which  differed 
very  little  from  each  other)  was  about  75 
percent  of  that  of  the  stump  sprouts; 
seedling  growth  was  only  12  percent  of  that 
of  the  stump  sprouts  (fig.  1). 

Often  the  range  and  distribution  of 
heights  can  be  more  informative  than  just 
mean  heights,  so  the  data  are  presented  in 
figure  2  as  the  percents  of  the  total  num- 
ber of  originally  selected  stems  that  at- 
tained various  minimum  heights  after  10  years. 
Mortality  is  represented  by  the  difference  on 
the  vertical  axis  between  the  data  line  in- 
tercept and  100  percent. 

Because  only  those  stumps  that  had  al- 
ready produced  at  least  one  sprout  were 
originally  chosen  for  the  study,  the  stump 
sprout  percents  of  figure  2  were  adjusted 
to  reflect  the  percent  of  stumps  that,  at 
the  time  of  cutting,  would  be  expected  to 
produce  sprouts.   Unpublished  data  on  white 
oak  stumps  of  30-  to  70-year-old  trees  from 


STUMP 
SPROUTS 


01 

1962 


1970 


Unpublished  study  summaries  by  Paul 
S.    Johnson,    on  file  at  Columbia,   Missouri. 


Figure  1. — Mean  heights  of  the  four  types 
of  reproduction,   by  year.      Heights  were 
measured  in  the  fall  of  the  year  indi- 
cated.     A   late  spring  frost  in  1966 
reduced  height  growth  for  that  year. 


similar  stands  in  the  same  area  show  this 
figure  to  be  approximately  60  percent. 

The  survival  and  height  data  for 
seedling  sprouts  and  new  seedling  sprouts 
were  almost  identical  and  were  therefore 
combined  in  figure  2.   The  two  categories 
were  originally  set  up  to  see  if  new  sprouts 
would  outgrow  existing  stems,  but  63  per- 
cent of  the  uncut  seedling  sprouts  died 
back  and  resprouted  at  least  once  during  the 
10-year  period,  so  at  the  end  of  that  time 
the  distinction  between  seedling  sprouts 
and  new  seedling  sprouts  became  almost 
meaningless.   Moreover,  the  data  indicated 
that  new  sprouts  would  grow  at  almost 
exactly  the  same  rate  as  existing  sprouts; 
the  mean  height  of  the  uncut  seedling  sprouts 
that  did  not  dieback  and  resprout  was  15.7 
feet  at  the  end  of  the  10-year  period,  and 
the  mean  height  of  the  seedling  sprouts 
that  did  dieback  and  resprout  was  16.0  feet. 

There  was  a  fairly  strong  correlation 
between  height  growth  of  the  uncut  seedling 
sprouts  after  release  and  size  of  the  sprouts 
before  release  (fig.  3),  which  agrees  with 
findings  in  Ohio  and  Illinois  (Sander  1971, 
1972).   Figure  3  shows  the  relation  between 
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Figure  2. — Seedlings,   seedling  sprouts, 
and  stump  sprouts  attaining  the  indi- 
cated minimum  heights  10  years  after 
the  alearcut. 
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Figure  3. — Fall   1972  sprout  height  vs. 
spring  196S  advance  reproduction 
height. 


initial  (preclearcut)  and  final  (fall  1972) 
heights  for  the  95  surviving  seedling  sprouts. 
The  regression  in  figure  3  was  weighted 
(w  =  1.0/(9.0-X) 2)  to  compensate  for  the 
greater  variation  in  Y  associated  with  the 
smaller  values  of  X,  and  had  a  correlation 
coefficient  of  +0.83.   The  large  amount  of 
variation  in  final  height  among  sprouts 
that  were  under  2  feet  in  height  initially 
was  presumably  due  to  differences  in  vigor 
or  size  of  the  root  systems. 

The  10-year  height  attainment  percents 
also  varied  for  seedling  sprouts  of  differ- 
ent original  heights  (fig.  4).   In  addition 
to  their  height  advantage,  stump  sprouts 
and  seedling  sprouts  also  had  much  better 
form  than  the  seedlings.   More  than  80  per- 
cent of  the  stump  sprouts  and  seedling 
sprouts  were  in  either  the  "good"  or  "fair" 
stem  form  categories  in  1972,  but  less  than 
40  percent  of  the  seedlings  were  in  these 
categories . 
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At  the  end  of  the  10-year  period,  the 
mean  d.b.h.  of  the  stump  sprouts  was  2.6 
inches  and  that  of  the  seedling  sprouts 
and  new  seedling  sprouts  was  1.4  inches. 

The  mean  number  of  live  stump  sprouts 
per  stump  at  the  end  of  the  eighth  year 
(the  only  year  for  which  such  data  were 
available)  was  2.2. 


DISCUSSION  AND  SUMMARY 

This  study  corroborates  the  findings 
of  others  (Beck  1970,  Sander  and  Clark 
1971,  Sander  1972)  that  oak  seedlings  es- 
tablished at  the  time  of  clearcutting  grow 
too  slowly  to  be  of  value  in  stand  repro- 
duction, and  that  stump  sprouts  and  the 
larger  seedling  sprouts  are  the  most  im- 
portant sources  of  reproduction. 

The  similarity  in  height,  survival,  and 
form  of  the  seedling  sprouts  and  new  seedling 
sprouts  after  10  years  leads  to  the  conclusion 
that  in  regenerating  white  oak  stands  through 
clearcutting,  it  is  not  necessary  to  either 
protect  seedling  sprouts  from  logging  damage 
or  to  deliberately  knock  back  the  existing 
tops  to  promote  new  sprouts. 

Height  attainment  graphs  (figs.  2  and  4) 
are  particularly  valuable  in  assessing  oak 
reproduction  because  they  combine  measures 
of  height  distribution  plus  survival  in  a 
graph  that  can  be  used  to  make  quantitative 
evaluations  of  the  reproduction  potential  of 
stands  before  cutting.   An  example  follows 
showing  how  height  attainment  percents  can  be 
used  in  evaluating  stand  reproduction. 


Example 


MINIMUM  HEIGHT   (FEET) 


Figure  4. — Seedling  sprouts  that  attained 
the  indicated  minimum  heights  10  years 
after  the  clearcut,   by  three  height 
classes  at  the  time  of  the  clearcut. 


The  stem  form  of  uncut  seedling  sprouts 
improved  after  release,  a  trend  also  noted 
for  oak  seedling  sprouts  in  West  Virginia 
by  Carvell  (1967).   Sixty-one  percent  of  the 
surviving  uncut  seedling  sprouts  were  in  a 
higher  form  category  at  the  end  of  the  10- 
year  period  that  they  were  in  the  fall  of 
the  first  year;  29  percent  remained  in  the 
same  category  and  10  percent  were  in  a  lower 
category. 


A  60-year-old  wh 
300  overstory  trees  p 
contains  50  seedling 
200  seedling  sprouts 
300  seedling  sprouts 
100  new  seedlings  per 
is  removed,  the  numbe 
that  will  be  present 
tall  after  10  years  c 
tiplying  the  15-foot 
cents  (figs.  2  and  4) 
stumps,  sprouts,  or  s 
time  of  the  clearcutt 


ite  oak  stand  contains 
er  acre;  the  understory 
sprouts  >  3.0  feet  tall, 
1.0  to  2.9  feet  tall, 
<  0.9  feet  tall,  and 

acre.   If  the  overstory 
r  of  reproduction  stems 
and  at  least  15  feet 
an  be  computed  by  mul- 
height-attainment  per- 

by  the  number  of 
eedlings  present  at  the 
ing  (table  1). 


The  number  of  reproduction  stems  at  any 
other  minimum  height  10  years  after  cutting 
can  also  be  determined  by  substituting  the 
appropriate  height  attainment  percents  from 
figures  2  and  4. 


Table  1. — Sample  computation  of  number  of 
reproduction  stems  at  least  IS  feet  tall 
10  years  after  cutting 


Reproduction 
type 

15-foot 

height 

attainment 

Sprouts  or 
:seedlings 
:at  time  of 
:  cutting 

:Reproduction 
:stems  >15  feet 
:tall  10  years 
:after  cutting 

Percent 

No . /acre 

No. 

Stump  sprouts 

0.56 

300 

168 

Seedling  sprouts 

>3.0  feet 

'l.OO 

50 

50 

1.0  to  2.9  feet 

'  .57 

200 

114 

<0.9  feet 

1  .37 

300 

111 

Seedlings 

2  .00 

100 

0 

Total 

443 

^  From  figure  4 
2   From  figure  2 


The  actual  minimum  heights  that  should 
be  used  in  any  particular  case  and  the  in- 
terpretation of  the  results  cannot  be  det- 
ermined from  this  study,  but  would  depend 
on  the  site  index,  the  type  of  competition 
anticipated,  and  the  management  objectives. 


In  using  the  results  of  this  study,  it 
should  be  remembered  that  these  data  are 
from  white  oak  only,  and  caution  should  be 
exercised  in  extending  this  information  to 
other  species,  to  overstory  stands  of  other 
ages  or  to  other  types  of  reproduction. 


Similar  information  for  other  oak  species, 
information  on  seedling  sprouts  with  roots 
less  than  1  inch  in  diameter,  and  a  proce- 
dure to  account  for  spatial  distribution 
of  the  reproduction  will  be  needed  to  make 
complete  evaluations  of  reproduction  in  mixed 
oak  stands. 
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CROWN  RELEASE  ACCELERATES  DIAMETER  GROWTH  AND  CROWN  DEVELOPMENT 

OF  YELLOW  BIRCH  SAPLINGS 

Gayne  G.  Erdmann,  Richard  M.  Godman,  and  Robert  R.  Oberg 


Yellow  birch  (Betula  alleghaniensis 
Jritton)  is  one  of  the  most  valuable  northern 
lardwood  species  but  is  decreasing  in  both 
;rowing-stock  volume  and  quality  of  trees, 
lecent  surveys  show  the  volume  in  sawtimber- 
size  trees  has  declined  by  about  one-third 
Ln  the  last  10  years  and  the  proportion  of 
:rees  18  inches  and  larger  is  limited 
iSternitzke  1974).  Most  Lake  States  stands 
ire  second-growth  stands  that  are  still  too 
foung  to  produce  the  saw  log  sizes  now  re- 
hired by  industry. 

In  1968  we  began  a  series  of  yellow 
>irch  crown  release  studies  in  seedling-  to 
imall  sawtimber-sized  stands  in  Upper  Michigan 
ind  northeastern  Wisconsin.   Specific  objec- 
:ives  of  these  studies  are  to  improve  bole 
luality  and  increase  survival  as  well  as 
;rowth  rates  in  existing  stands  so  that  saw 
.og  rotations  can  be  shortened.   Results 
rom  the  sapling-size  phase  of  this  study 
ire  reported  here.   Crown  development  data 
.n  this  study  were  supplemented  with  branch 
elongation  measurements  covering  1  year  before 
release  and  4  years  after  release.   All 
results  presented,  except  for  branch  elonga- 
:ion,  are  for  3  years  after  release. 

Study  trees  were  selected  from  a  16-year- 
)ld  even-aged  stand  that  became  established 
:ollowing  salvage  operations  after  a  tornado 
In  1953  (fig.  1).   The  area  is  located  about 
.1  miles  south  of  Lake  Superior  on  the  Berg- 
.and  District  of  the  Ottawa  National  Forest 
-ii  the  western  Upper  Peninsula. 

Judging  by  the  number  of  dead  understory 
lirch  stems  present,  competition  had  been 
ievere.  Undoubtedly  more  birch  had  seeded- 
n  after  salvage  operations  but  their  numbers 
>ad  already  been  reduced  by  competing  species 
md  other  causes.   Stoeckeler  and  Arbogast 
.1948)  reported  a  21  percent  reduction  in  the 
lumber  of  stems  per  acre  (2,951  to  2,321)  in 
in  unmanaged  11-year-old  northern  hardwood 
;tand  after  8  years. 

Although  sugar  maple  was  the  most  abun- 
lant  species  on  the  study  area,  it  only  account- 
ed for  20  percent  of  the  dominant  stems.  Most 
sugar  maple  stems  were  in  codominant  or  lower 


Figure  1. — The  16 -year- old  stand  before 
release. 


crown  classes.   The  dominant  saplings  were 
primarily  fast-growing-intolerant  or  moderately- 
tolerant  species  such  as  cherry,  aspen,  yellow 
birch,  basswood,  white  ash,  American  elm, 
and  paper  birch.   Scientific  names  and  more 
details  of  original  stand  and  soil  conditions 
are  included  in  Appendix  I. 

Five  degrees  of  crown  release  were 
applied  to  6  groups  of  both  dominant  and 
codominant  16-year-old  yellow  birch  saplings, 
making  a  total  of  60  study  trees.   Each 
group  consisted  of  five  saplings  similar  in 
stem  and  crown  characteristics,  diameters, 
and  total  heights.   Initial  diameters  at 


breast  height  (d.b.h.)  ranged  from  3.04  to 
3.99  inches  for  dominant  groups  and  from 
2.17  to  2.91  inches  for  codominant  groups. 
Heavy,  moderate,  light,  very  light,  or  no 
crown  release  treatments  were  randomly 
assigned  to  individual  trees  within  each 
group.   All  trees  whose  crown  edges  were 
within  the  following  distances  of  the  re- 
leased tree's  crown  were  cut  as  follows: 
(1)  very  light  release,  2.5  feet;  (2)  light 
release,  5  feet;  (3)  moderate  release,  10 
feet;  and  (4)  heavy  release,  15  feet  (fig. 
2).   Cuttings  were  applied  before  leaves 
appeared  in  the  spring  of  1970. 


Figure  2. — A  moderately  crown  released  16-  year-old  sapling. 


Diameters  at  breast  height  were  measured 
nnually  to  the  nearest  hundredth  of  an  inch, 
ree  height,  height  to  live  crown,  clear  bole 
ength,  and  the  number  and  length  of  epicormic 
ranches  were  measured  before  release  and 
gain  at  the  end  of  the  third  growing  season, 
verage  crown  diameters  were  initially 
btained  from  eight  crown  radii  measurements 
ade  around  each  study  tree  and  from  branch 
rowth  measurements  made  later.   Foliage 
ensity  was  rated  in  1969,  1970,  and  1972 
fter  birches  were  in  full  leaf. 

Lateral  branch  elongation  was  measured 
n  each  tree  for  crown  width  change  1  year 
efore  release  and  4  years  after  release, 
our  branches  per  tree  were  used  with  one 
ranch  being  measured  in  each  cardinal  dir- 
ction  at  the  widest  portion  of  the  crown, 
nnual  increments  were  measured  to  the  near- 
st  h   inch  beginning  from  the  branch  tips 
oward  the  bole  between  terminal  bud  scars. 


GROWTH  RESPONSES 

Diameter  Growth 

Crown  release1  significantly  (0.01 
jvel)  increased  growth  within  each  crown 
Lass  (fig.  3,  table  1);  increases  averaged 
pout  36  percent  the  first  year,  64  percent 
\e   second  year,  and  56  percent  the  third 
jar  for  released  over  unreleased  trees. 
Lthough  actual  diameter  growth  was  greater 
>r  dominants,  the  percentage  rate  was 
Lgher  for  codominants .   For  the  moderately 
id  heavily  released  saplings,  diameter 
rowth  averaged  about  1.7  times  more  than 
le  unreleased  saplings  during  the  3-year 
riod. 
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CROWN  CLOSURE 
LIGHT 
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Figure  3. — Effect  of  crown  release  on  mean 
annual  diameter  growth  of  sapling-size 
trees . 


Diameter  growth  of  dominants  increased 
Lgnificantly  with  each  successive  degree 

release  through  the  moderate  release 
eatment.   The  moderate  and  heavy  treat- 
ints  were  equally  effective  in  stimulating 
rowth.   In  codominants,  released  trees 
sponded  better  than  unreleased  trees,  but 
Lfferences  in  growth  rates  between  various 
agrees  of  release  were  still  not  significant, 


height  growth  data  indicated  that  there  were 
no  significant  differences  in  growth  among 
the  release  treatments.   When  the  height 
growth  data  for  dominants  were  either 
adjusted  for  total  sapling  height  before 
release  or  height  growth  the  season  before 
release,  however,  there  was  a  significant 
difference  favoring  the  unreleased  dominants, 


Height  Response 

Before  release,  dominant  saplings 
reraged  28.4  feet  tall;  codominant  saplings 
reraged  24.8  feet  tall.   During  the  3-year 
iriod  after  release,  height  growth  averaged 
5  feet  for  both  dominant  and  codominant 
iplings.   Analyses  of  unadjusted  3-year 


CROWN  DEVELOPMENT 

Crown  Class 

All  dominant  stems,  except  one  unreleased 
tree,  were  still  dominant  after  3  years  re- 
gardless of  whether  they  were  released  or  not. 


Table  1. — Changes  3  years  after  crown  release   treatment  in  stem  and 
crown  characteristics  of  dominant  and  codominant  yellow  birch 
saplings 


DOMINANT 


Characteristic          : 

Crown 

release  treatment 

None     : 
(control)  : 

Very 
light 

j   Light 

Moderate 

[      Heavy 

Diameter  (d.b.h.)  (in.) 

:0.78d 

0.90c 

1.04b 

1.26a 

1.28a 

Total  height  (ft) 

5.1 

4.2 

3.3 

4.4 

4.0 

Limb-free  length2  (ft) 

2.6a 

0.5b 

-0.4b 

-1.1b 

-0.9b 

Live  epicormic  sprouts  on 

butt  log  (No.) 

1.0 

2.8 

1.5 

3.7 

2.0 

Trees  in  dominant  crown 

class  (percent) 

100 

100 

100 

83 

100 

Trees  in  codominant 

crown  class  (percent) 

0 

0 

0 

17 

0 

Live  crown  length  (ft) 

2.4 

3.7 

3.4 

5.4 

4.9 

Crown  ratio  (crown  length/total 

height) (ratio) 

.04b 

.02b 

.03b 

.08a 

.07a 

Crown  diameter  (ft) 

4.4b 

4.1b 

4.0b 

5.5a 

5.1a 

Crown  area  (ft2) 

79b 

70b 

64b 

96a 

97a 

Crown  volume  (length  X  area) 

(ft3) 

1923 

1941 

y90 

2,723a 

2034a 

Foliage  density3  (percent) 

-2.1 

4.2 

10.4 

16.7 

14.6 

CODOMINANT 

Diameter  (d.b.h.)  (in.) 

0.62 

0.90a 

0.95a 

1.08a 

1.11a 

Total  height  (ft) 

4.6 

5.4 

4.3 

5.6 

3.9 

Limb-free  length2  (ft) 

2.2a 

0.2b 

0.1b 

-2.0b 

-0.8b 

Live  epicormic  sprouts  on 

butt  log  (No.) 

4.0 

2.5 

2.3 

5.3 

4.8 

Trees  in  dominant  crown 

class  (percent) 

0 

0 

17 

50 

33 

Trees  in  codominant  crown 

class  (percent) 

83 

100 

83 

50 

67 

Trees  in  suppressed  crown 

class  (percent) 

17 

0 

0 

0 

0 

Live  crown  length  (ft) 

1.6b 

4.2a 

4.3a 

7.0a 

4.7a 

Crown  ratio  (crown  length/total 

height)  (ratio) 

0.04b 

0.06a 

0.06a 

0.11a 

0.07a 

Crown  diameter  (ft) 

4.4 

4.0 

4.8 

5.0 

5.0 

Crown  area  (ft2) 

67 

63 

67 

75a 

89a 

Crown  volume  (length  X  area) 

(ft3) 

ip23 

1>99 

1524 

1944a 

2,214a 

Foliage  density3  (percent) 

-10.4 

-4.2 

2.1 

10.4 

-2.1 

^  \7a  1  n*iG  fnll  nT.T»H  K\7  t-Vio  camt 

»   1  ezf- 1- 1=»  r-  mr    i.t 

'  t*Vir*n  t*  a 

ot-t-e»T-  in  a  i 

-rttj  are*    nnt" 

significantly  different  at  1 
2Height  from  groundline 

24  inches  long. 

3Based  on  the  percent  o 

when  viewed  from  two  sides  a 


east  at  the  0.05  level, 
to  the  first  live  limb  on  epicormic  branch  more  than 

f  the  main  stem  within  the  live  crown  obscured  by  foliage 
t  one  tree-length  distance. 


Release  often  improved  the  crown  position  of 
codominant  saplings.   After  3  years,  42  per- 
cent of  those  moderately  or  heavily  released 
moved  up  to  dominant  positions.   Half  of  this 
improvement  was  attributed  to  the  elimination 
of  competition  from  tall  saplings;  the  remain- 
ing half  to  increased  height  growth  after 
release.   Crown  positions  of  very  lightly 
and  lightly  released  codominants  were  not 


improved  by  release.   One  of  the  six  unre- 
leased  codominants  dropped  to  an  intermedial 
crown  position  because  it  had  been  outgrown 
by  a  neighbor. 

Crown  Length 

Initially,  codominants  had  about  65 
percent  of  their  total  heights  in  live 


crown;  dominants  had  about  70  percent. 
Over  the  3-year  period,  the  proportion  in 
live  crown  increased  for  released  dominants 
and  codominants  but  decreased  for  the  unre- 
leased  trees.   Crowded  crowns  of  unreleased, 
very  lightly  released,  and  lightly  released 
trees  generally  had  less  live  crown  length 
for  their  heights  than  moderately  and  heavily 
released  trees. 

Changes  in  crown  length  for  codominants 
tended  to  increase  with  degree  of  release 
through  the  moderate  release  treatment,  where 
crown  length  increases  averaged  7  feet  in 
the  3  years.   For  codominants,  the  differences 
in  early  changes  in  crown  length  were  signi- 
ficantly better  in  released  than  unreleased 
trees  (table  1).   For  dominants,  trends  in 
these  changes  appeared  to  be  similar,  but 
the  differences  between  released  and  unre- 
leased trees  were  not  significant.   These 
changes  in  live  crown  length  were  primarily 
caused  by  three  factors:   (1)  higher  natural 
branch  mortality  on  unreleased  trees,  (2) 
longer  retention  of  branches,  and  (3)  develop- 
ment of  some  epicormic  sprouts  into  branches 
on  the  more  open-grown  moderately  and  heavily 
released  trees. 

Changes  in  height2  to  the  live  crown 
for  both  dominants  and  codominants  were 
significantly  greater  for  unreleased  than 
for  released  saplings  (table  1) .   Live 
crowns  of  very  lightly  released  codominants 


1 Crown  length  is  the   length  in  feet 
from  the   tree's  tip  to  the   lowest  live   leaf 
on  a  branch  that  is  part  of  the  functioning 
or  own. 

2Height  from  groundline   to  the  first 
live   limb  or  epicormic  branch  more   than  24 
inches   long. 


also  receded  more  than  other  released  co- 
dominants; other  very  lightly  released 
dominants  as  well  as  lightly  released  dom- 
inants and  codominants  were  just  beginning 
to  recede  after  3  years. 

Crown  Diameter 

Before  release,  crown  diameters  of  dom- 
inant and  codominant  saplings  averaged  8.8 
feet  and  7.2  feet,  respectively.   In  just 

3  years  diameters  on  both  increased  between 

4  to  5  feet  (table  1) .   Crown  expansion  was 
significantly  more  rapid  on  moderately  and 
heavily  released  dominants  than  on  less  in- 
tensively released  dominants.   Similar  trends 
were  also  apparent  in  the  codominant  saplings, 

During  the  four  growing  seasons  after 
release,  branch  elongation  at  the  widest 
part  of  the  crown  was  stimulated  most  by 
the  moderate  and  heavy  crown  release  treat- 
ments (table  2) .   Average  lateral  branch 
elongation  in  these  two  treatments  was 
significantly  greater  than  in  the  other 
treatments  (fig.  4).   Major  differences  in 
annual  branch  elongation  between  release 
treatments  first  occurred  in  the  second 
season  and  again  in  the  fourth  growing 
season  after  release.   Lateral  branch  growth 
was  poor  during  the  third  season.   The 
differences  in  the  fourth  growing  season 
were  related  to  poor  growth  following  crown 
closure  in  the  very  lightly  and  lightly  re- 
leased treatments. 

Branch  elongation  was  similar  on  all 
sides  (N,  S,  E,  W)  of  both  released  and 
unreleased  trees.   Branches  growing  in 
openings  elongated  more  rapidly  than  those 
closed  with  adjacent  crowns.   Annual  branch 
elongation  usually  declined  drastically 


Table  2. — Mean  lateral  branch  elongation  of  yellow  birch 
saplings  in  relation  to  crown  release  treatment  and 
growing  positions  in  1972  and  197  31 

(In  inches/branch) 


Crown 

release 

treatment 


1972 


In  openings 


7.38(4)z 

7.00(2) 

8.40(5) 

6.75(45) 

6.67(48) 


After  crown 
closure 


1973 


In  openings 


After  crown 
closure 


None  (control) 
Very  light 
Light 
Moderate 
Heavy 


5.81(36) 

6.11(46) 

5.70(43) 

None 

None 


2.50(4) 
10.00(2) 
5.70(5) 
7.85(31) 
8.27(46) 


2.06(36) 

1.31(45) 

2.70(43) 

7.80(15)3 

6.75(2)3 


^Annual  lateral  branch  elongation  at  the  widest  part  of  the 
crown  at  lower  canopy  level. 

2Figures  in  parentheses  show  number  of  branches  on  which  average 
is  based. 

3Crowns  just  closing. 
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Figure  4. — Mean  cumulative   lateral  branch 
elongation  by  years  and  crown  release 
treatments  for  dominant  and  codominant 
birch  saplings. 


after  crown  closure.   Lateral  branch  tips 
elongated  less  each  season  in  unreleased 
and  lightly  released  crowns  and  after  the 
second  season  in  the  very  lightly,  moderate- 
ly, and  heavily  released  crowns.   The  very 
lightly  released  crowns  closed  almost  immedi- 
ately; most  lightly  released  crowns  closed 
within  3  years. 


After  3  years,  33  percent  of  all 
moderately  released  saplings  and  92  percent 
of  all  heavily  released  saplings  were  still 
completely  free  of  crowding  at  the  sides. 
Fifty-eight  percent  of  the  moderately  re- 
leased saplings  still  had  at  least  two  sides 
free  of  competition.   At  the  present  rate 
of  growth  six  growing  seasons  would  be  re- 
quired for  all  the  crowns  of  moderately  re- 
leased saplings  to  close. 


Crown  Areas  and  Volumes 

Crown  areas  (irr2)  and  crown  volumes 
(crown  area  x  length)  increased  during  the 
3-year  period.   Changes  in  crown  area  were 
significantly  (0.05  level)  better  for  only 
moderately  and  heavily  released  dominants, 
but  changes  in  crown  volume  were  signifi- 
cantly better  for  both  moderately  and  heavily 
released  dominants  and  codominants  (table  1). 
Buildups  in  crown  volume  were  associated 
with  the  amount  of  additional  growing  space 
provided  by  the  treatments.   The  greatest 
improvement  in  crown  development  occurred 
among  moderately  and  heavily  released  trees. 

Foliage  Density 

Almost  every  study  tree  had  a  crown 
with  medium  foliage  density  before  release.3 
After  3  years,  crown  foliage  density  ratings 
had  improved  on  46  percent  of  the  released 
trees  but  no  improvement  was  observed  in 
crowns  of  unreleased  trees.   The  ratings 
improved  most  among  moderately  released 
crowns;  75  percent  of  them  increased  in 
density,  only  8  percent  regressed  (table  3). 
Most  of  the  increases  were  attributed  to  the 
formation  of  new  leaves  on  the  newly  elon- 
gating tips  of  existing  branches  and  vigor- 
ous new  terminal  growth. 

Table  3. — Change  in  foliage  density  by  crown 
release  treatment 

(In  percent  of  trees) 


Foliage 
Density 


Crown  release 


None 


:Very 


(control) : light 


Light 'Moderate 'Heavy 


Remained 

the  same 
Improved 
Regressed 


7  5 

0 

25 


58 

25 

17 

17 

50 

75 

25 

25 

8 

25 

42 
33 


-^Improved  or  regressed  at  least  one-half 
foliage  density  class  (12.5  percent). 


BOLE  QUALITY 

Before  release,  study  saplings  averaged 
16.7  live  branches,  0.3  epicormic  branches, 
and  21.9  dormant  buds  per  lower  17-foot  bole 
section.   Heights  to  their  first  live  branch 
averaged  8.8  feet  above  groundline. 

Crown  release  delayed  natural  branch 
mortality  and  the  normal  progression  of  the 


35ee  Appendix  II  for  explanation  of 
foliage  density  ratings. 


>ase  of  the  live  crown  up  the  tree.   During 
:he  3  years,  significantly  (0.01  level)  more 
Live  limb-free  length2  was  added  to  the  boles 
)f  unreleased  saplings  than  to  released 
sapling  boles.   On  unreleased  saplings, 
>ranch  mortality  increased  live  limb-free 
>ole  lengths  an  average  of  2.4  feet  (to 
L1.0  feet);  on  released  saplings,  the  devel- 
opment of  epicormic  branches  decreased  these 
Lengths  about  0.6  feet. 

Bole  sprouting  was  highly  variable 
imong  individual  trees;  it  ranged  from  0 
ip  to  24  new  sprouts  on  1  unreleased  sapling 
luring  the  3-year  period.   Sprout  numbers 
m  the  lower  17-foot  bole  sections  of  sap- 
Lings  increased  from  0.3  to  3.2,  but  these 
Lncreases  did  not  differ  by  release  treat- 
ment ,  crown  class,  or  number  of  visible 
lormant  buds  present  before  release.   Un- 
released saplings  had  equally  as  many  new 
sprouts  as  released  saplings;  codominants 
iveraged  one  more  new  sprout  per  bole  (four) 
:han  dominants.   Bole  face  also  had  little 
iffect  on  the  numbers  of  new  sprouts  pro- 
luced.   Saplings  averaged  about  0.8  sprout 
>er  north,  south,  east,  and  west  face. 

Of  the  194  new  epicormic  sprouts  formed, 
'2  percent  were  short  shoots  (about  1  inch) 
rith  1  or  2  leaves,  12  percent  ranged  between 
)  and  21  inches  long,  and  12  percent  were 
it  least  24  inches  long. 

During  the  3  years,  4  percent  of  the 
lew  and  74  percent  of  the  old  sprouts  died, 
tearly  twice  as  many  sprouts  died  on  the 
lorth  side  (E-NE-N-NW)  as  on  the  south  side 
(SE-S-SW-W)  of  the  stems. 

During  the  3  years,  sprout  growth  was 
iffected  by  bole  aspect.   Sprouts  on  the 
south  face  of  both  released  and  unreleased 
saplings  grew  more  than  those  on  the  more 
shaded  north  faces  of  sapling  boles.   Three- 
fear  sprout  growth  also  increased  signifi- 
:antly  with  each  successive  degree  of  re- 
Lease;  the  maximum  was  7.45  inches  for  the 
leavily  released  saplings. 


DISCUSSION  AND  CONCLUSION 

Where  the  objective  of  management  is 
:o  increase  the  number,  size,  and  grade  of 
fellow  birch  in  developing  second-growth 
lardwood  stands,  it  will  be  necessary  to 
release  birches  at  an  early  age.   Yellow 
Jirch  is  a  moderately  tolerant  species  that 
:an  survive  for  long  periods  under  high 


overhead  cover  but  at  greatly  reduced  growth 
rates  and  at  considerable  risk  to  mortality 
due  to  loss  of  vigor  and  increased  suscepti- 
bility to  infection  from  decay  fungi. 
Previous  experience  in  large  openings  on 
the  Upper  Peninsula  Experimental  Forest 
has  shown  that  yellow  birch  can  maintain 
an  advantage  in  height  over  other  species 
of  the  same  age,  but  will  fall  behind  sugar 
maple  in  height  after  23  years  (Eyre  and 
Zillgitt  1953).   This  suggests  that  yellow 
birch  should  be  released  earlier  for  best 
responses. 

Three-year  results  in  our  sapling 
stand  suggest  that  birch  trees  will  respond 
and  benefit  from  release  before  16  years  of 
age.   Better  diameter  growth  responses  would 
probably  occur  even  earlier  and  should  in- 
crease the  number  in  the  stand,  particularly 
because  dominant  as  well  as  codominant  sap- 
lings have  more  ability  to  rapidly  respond 
to  increased  growing  space  at  these  younger 
ages. 

Growth  responses  in  our  sapling-  , 
pole-  ,  and  small-saw  log-sized  crown  release 
studies  show  that  birches  from  16  to  60 
years  old  all  respond  to  release.   However, 
the  best  response  is  in  the  sapling  stage. 
Sapling  growth  rates  can  be  increased  up  to 
4  inches  per  decade  by  cutting  all  stems 
whose  crowns  were  within  10  to  15  feet  of 
the  released  tree's  crown.   Growth  rate  on 
pole  size  trees  can  be  doubled  to  a  rate  of 
over  2.5  inches  in  10  years  by  release 
(Erdmann  and  Peterson  1972).   Results  in  the 
pole  and  saw  log  studies  also  indicate  that 
the  present  growth  rates  of  4  inches  in  10 
years  in  released  saplings  and  over  2.5  inches 
in  10  years  in  poles  will  gradually  fall  off 
as  tree  diameter  increases. 

The  question  as  to  whether  height  growth 
of  dominant  saplings  has  been  permanently 
or  temporarily  depressed  by  release  remains 
to  be  answered.   We  believe  that  it  will  not 
be  depressed  at  least  up  through  the  moderate 
release  intensity. 

Straight-stemmed  trees  with  the  fewest 
defects  in  their  butt  logs  generally  yield 
the  largest  volume  of  high  grade  material. 
The  future  quality  of  young  trees  can  be 
improved  most  by  reducing  the  number  of 
surface  defects  caused  by  branches  in  the 
butt  log  section  (Boyce  and  Schroeder  1963) , 
because  it  usually  contains  the  highest 
grade  log  in  a  tree  and  represents  about 
45  percent  of  the  whole  tree  volume  in 
northern  hardwoods  (Chase  et  al .    1970). 


Counts  of  the  total  number  of  surface 
defects  in  the  butt  log  section  of  9  unre- 
leased  65-year-old  small  saw  log-sized 
yellow  birches,  showed  that  over  86  percent 
of  the  4.2  surface  defects  found  were  branch 
related  overgrown  knots.   Marquis  (1967) 
reported  that  25-year-old  yellow  birch, 
having  potential  crop  tree  quality,  in  New 
Hampshire  already  had  an  average  live, 
limb-free  bole  length  of  15  feet  with  only 
2.0  live  branches  and  2.5  epicormic  branches 
in  their  lower  section. 


Younger  sapling-size  trees  with  their 
lower  crowns  obviously  have  more  branch- 
caused  defects  in  their  lower  bole  sections 
than  older  and  larger  sawtimber-  and  pole- 
size  trees.   Crown  release  in  sapling-size 
trees  delayed  natural  branch  mortality  but 
did  not  significantly  increase  bole  sprouting, 
a  potentially  important  cause  of  new  defects 
in  hardwood  trees.   Whether  any  of  the  23 
new  or  2  old  epicormic  branches  will  persist 
and  cause  any  reduction  in  final  tree  grades 
or  lumber  grades  remains  to  be  proven. 
Marquis  (1969)  does  not  consider  short 
epicormic  shoots  with  one  or  two  leaves  as 
important  defects  and  most  epicormic  sprouts 
probably  will  disappear  within  8  years  as 
Stoeckeler  and  Arbogast  (1948)  found  after 
thinning  to  a  5-foot  radius  in  an  11-year- 
old  northern  hardwood  stand. 


In  the  sapling  stage  of  stand  develop- 
ment, characteristics  such  as  diameter 
growth  rate,  length  of  clear  bole,  number 
and  size  of  branches,  and  crown  width, 
length,  and  density  are  also  important  and 
related  to  a  tree's  future  bole  quality 
potential.   The  main  idea  at  this  stage  is 
to  increase  or  at  least  maintain  the  number 
of  better  quality  birch  stems  in  the  upper 
canopy.   Although  the  greatest  improvement 
in  final  hardwood  log  quality  can  be  made 
by  reducing  the  number  of  branch-caused  de- 
fects outside  the  heart  center  of  the  butt 
log  (Boyce  and  Schroeder  1963),  some  addi- 
tional increase  in  future  valuable  birch 
volumes  should  be  possible  by  eliminating 
low  forks  at  the  time  of  release  in  saplings , 
This  is  especially  true  on  the  more  widely 
released  trees  because  forks  tend  to  per- 
sist on  more  open-grown  trees  and  merchant- 
able heights  in  saw  log-sized  birches  are 
often  terminated  by  forks.   By  removing 
forks  early,  more  merchantable  length  and 


** Unpublished  small  saw  log  crown 
release  data  on  file  at  the  northern  Hard- 
woods Laboratory,   Marquette,  Michigan. 


resulting  volume  can  be  obtained  without 
any  reduction  in  upper  log  diameters. 

It  is  still  too  early  to  determine 
whether  a  single  release  treatment  will 
increase  the  numbers  of  birch  or  affect 
the  quality  of  the  final  stand.   However, 
results  are  promising.   The  10-foot  crown 
release  treatment  increased  the  stem  and 
crown  vigor  of  birch  saplings  and  improved 
the  crown  positions  of  half  of  the  codom- 
inant  saplings  in  less  than  3  years.   Now 
these  released  saplings  have  a  much  better 
chance  of  surviving  sugar  maple  competition 
than  the  unreleased  saplings.   Their  crown 
edges  still  were  free  to  grow  at  the  end  of 
3  years  and  should  be  free  of  side  competi- 
tion for  at  least  2  years  longer.   The  nar- 
rower crown  release  treatments  were  too 
short-lived,  and  growth  rate  in  the  2.5  foot 
crown-released  saplings  dropped  off  the 
year  after  crown  closure.   Expected  differ- 
ences in  diameter  growth  rate  between  5-foot, 
10-foot,  and  15-foot  release  treatments 
should  favor  the  wider  release  treatments 
following  earlier  crown  closure  on  the  5- 
foot  treatment.   Growth  responses  are  ex- 
pected to  last  at  least  10  years  in  the 
wider  10-  and  15-foot  crown  release  treat- 
ments. 

If  these  trends  continue,  birch  saw- 
and  veneer-log  rotations  in  the  Lake  States 
can  be  cut  in  half  by  doubling  diameter 
growth  rates  of  saplings  and  poles  in  exist- 
ing stands  through  crown  release. 
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APPENDIX  I 

Before  release  the  densely  stocked 
aniform-sized  stand  contained  3,480  trees 
(0.6  inches  d.b.h.  and  larger)  with  49 
;quare  feet  of  basal  area  per  acre. 
>pecies  composition  averaged  81  percent 
sugar  maple  (Acer  saccharttm   Marsh.),  10 
percent  yellow  birch,  6  percent  ironwood 
{Ostrya  virginiana)   and  3  percent  other 


northern  hardwood  species  consisting  pri- 
marily of  white  ash  {Fraxi-nus  amern-aana   L.), 
basswood  {Titia  americana   L.),  and  aspen 
(Populus   spp.),  with  an  occasional  cherry 
(Prunus  serotina   Ehrh.  and  Primus  pensylvanica 
L.  f.),  American  elm  (Ulmus  ameriaana   L.) 
and  paper  birch  (Betula  papyrifera   Marsh.). 

The  stand  occupies  a  broad  ridgetop, 
elevation  1,580  feet,  that  slopes  gently 
(0  to  6  percent)  to  the  northeast.   The 
soil  is  well-drained  Iron  River  silt  loam, 
which  is  acid  in  reaction  to  a  depth  of 
several  feet  and  underlain  by  a  weak  fragi- 
pan.   Site  index  for  yellow  birch  was  esti- 
mated to  be  about  60  feet  at  age  50. 


APPENDIX  II 

Foliage  density  ratings  were  based  on 
the  average  percent  of  the  main  stem  within 
the  tree's  live  crown  that  was  obscured  by 
foliage  when  viewed  from  two  sides  at  one 
tree-length  distance  as  follows:   dense 
(87.5  or  more),  medium-dense  (75  to  87.5), 
medium  (62.5  to  75),  fair-medium  (50  to 
62.5),  fair  (37.5  to  50),  and  poor  (37.5 
or  less). 
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Fig.  1. — Map  of  the  Cyrus  H.   MoCormick  Experimental  Forest. 


BIRDS  AND  MAMMALS 


William  L.  Robinson,  Professor 

Department  of  Biology 

Northern  Michigan  University 

Marquette ,  Michigan 


ABSTRACT. — Birds  and  mammals  were  inventoried  on  a  17,124- 
acre  forested  tract  recently  acquired  by  the  USDA  Forest 
Service  in  the  Upper  Peninsula  of  Michigan.   An  annotated 
list  was  made  of  the  109  species  of  birds  and  33  species 
of  mammals  observed.   Population  densities  were  estimated 
for  loons  (Gavia  immer) ,  ruffed  grouse  (Bonasa  umbellus) , 
beavers  (Castor  canadensis) ,  and  small  mammals  in  various 
forest  habitats.   Comparisons  with  the  findings  of  other 
workers  and  a  discussion  of  birds  and  mammals  found  else- 
where in  Upper  Peninsula  but  not  in  the  McCormick  Forest 
are  also  included. 


In  recent  years  there  has  been  increas- 
ng  awareness  of  the  interdependence  of  all 
he  various  elements  of  the  biosphere.   The 
mpact  of  man's  activities  has  been  global, 
nd  in  many  cases  overwhelming.   Yet  there 
emain  scattered  enclaves  in  which  the  in- 
luence  of  man  and  his  machinery  has  been 
inimal. 

In  the  forested  parts  of  the  eastern 
nited  States  these  enclaves  are  rare  and 
aluable.   Their  value  lies  in  their  ca- 
acity  to  provide  us  not  only  with  inspira- 
ion  but  also  with  information  as  to  how 
lant  and  animal  communities  function  in 
he  absence  of  extensive  human  intervention, 
hey  may  serve  as  controls  in  the  huge  ex- 
eriment  of  manipulation  that  man  is 
arrying  out  on  the  Earth  and  its  atmosphere. 
he  McCormick  Forest  is  one  of  these  enclaves, 
ne  which  may  serve  us  best  as  a  natural 
aboratory — a  standard  by  which  changes  in 
he  world  around  it  can  be  compared. 

A  first  step  in  understanding  the 
unctioning  of  a  community  is  an  inven- 
ory  of  its  participants.   This  paper  is  a 
eport  on  such  an  inventory  in  the  McCormick 
orest,  carried  out  in  1972  and  1973.   The 
bjectives  of  the  inventory  were  to  gather 
nformation  on  the  birds  and  mammals  present 
n  the  McCormick  Forest,  determine  their 
pproximate  densities,  and  find  out  what 
abitats  they  occupy. 

The  McCormick  Forest  is  a  17,124-acre 
ract  located  in  northwestern  Marquette  and 
astern  Baraga  Counties  in  the  Upper 


Peninsula  of  Michigan.   It  was  donated  in 
1968  to  the  USDA  Forest  Service  by  the  late 
Gordon  McCormick  whose  family  had  purchased 
the  tract  piecemeal  from  about  1900  to  1936. 
Liitle  disturbance  has  occurred  since  1936. 
The  McCormick  Forest  includes  28  lakes  and 
numerous  small  streams.   The  topography  is 
rugged  with  rock  outcrops  that  rise  to  an 
elevation  of  1,900  feet.  A  variety  of 
vegetation  types  occur,  ranging  from  sphag- 
num bogs  to  mature  upland  hardwoods  domi- 
nated by  sugar  maple  (Acer  saccharum)  .   Be- 
tween these  extremes  are  spruce  (Picea 
mariana)   and  cedar  (Thuja  occidentalis) 
swamps,  white  birch  (Betula  papyrifera)   - 
aspen  (Populus   tremuloides)    stands,  and  a 
burned-over  area  consisting  of  sparse 
spruce  trees  (Picea  glauca   and  P.    mariana) 
and  blueberries  (Vaccinium   spp.).   The 
mature  hardwoods  also  contain  some  large 
white  pines  (Pinus  strobus) ,  yellow  birch 
(Betula  alleghaniensis) ,  hemlock  (Tsuga 
canadensis),   and  some  balsam  fir  (Abies 
balsamea) .      Metzger  (1973)  described  the 
vegetation  of  the  3,675-acre  natural  area 
in  the  northeast  corner  of  the  forest. 


METHODS 

Field  work  began  in  June  1972  and 
continued  through  April  1974.   Observations 
of  birds  and  mammals  made  in  previous  years 
were  obtained  by  consulting  persons  famil- 
iar with  the  area  and  records  of  the 
Michigan  Department  of  Natural  Resources. 
Because  there  are  probably  over  200  species 
of  birds  and  45  species  of  mammals  in  the 


McCormick  Forest,  it  would  be  difficult  and 
time  consuming  to  obtain  quantitative  data 
on  the  densities  of  all  of  them.   It  was 
thus  desirable  to  use  extensive  methods  for 
most  species  and  intensive  methods  for 
species  that  are  of  particular  interest  or 
that  lend  themselves  well  to  quantitative 
sampling. 

Extensive  Methods 


Two  flights  were  made  over  the  tract 
to  count  beaver  dams  in  November  1972,  and 
to  locate  deer  or  deer  trails  in  March  1973. 
Active  beaver  colonies  were  also  noted  from 
ground  observation  of  dams,  fresh  cuttings, 
and  the  animals  themselves. 

Chance  sightings  of  birds  and  mammals 
were  recorded  and  sightings  by  other  com- 
petent observers  were  also  used. 


Extensive  methods  were  designed  to 
obtain  a  broad  coverage  of  the  tract  to 
learn  what  birds  and  mammals  were  present, 
without  regard  for  estimating  population 
densities.   These  methods  consisted  of 
observing  animals  while  traveling  by 
automobile,  foot,  canoe,  and  airplane. 

About  1.5  miles  of  County  Road  607 
cuts  across  the  southwest  corner  of  the 
tract  and  a  dirt  road  runs  from  there 
3.4  miles  into  the  abandoned  McCormick 
lodge  on  White  Deer  Lake  (fig.  1). 
During  travel  on  these  roads  records 
were  kept  of  all  birds  and  mammals 
seen  from  the  car.   A  total  of  214 
miles  were  traveled  by  auto  in  the 
tract  in  1972  and  284  miles  in  1973. 
County  Road  607  was  plowed  in  winter 
but  the  road  to  the  lodge  was  not. 

In  addition  to  animals  seen  within 
the  McCormick  Forest,  records  were  also 
kept  of  all  birds  and  mammals  seen  on 
County  Road  607  while  traveling  by  car 
the  8.8  miles  between  the  Forest  boundary 
and  U.S.  Highway  41. 

We  traveled  by  canoe  during  both  day 
and  night  and  kept  records  of  the  animals 
seen.   In  the  daytime  we  paddled  about  42 
miles  in  21  hours  on  the  following  lakes: 
Bulldog,  Lower  Baraga,  Margaret,  Summit, 
Upper  Baraga,  and  White  Deer .   We  canoed  at 
night  with  the  aid  of  a  hand-held  spot- 
light attached  to  a  12-volt  car  battery. 
The  bowman  handled  the  light,  searching  the 
shoreline  for  animals,  while  the  sternman 
paddled  quietly.   About  20  miles  of  shore- 
line were  traveled  by  canoe  at  night  in 
17  hours.   All  mammals  and  birds  seen  or 
heard  and  identified  were  noted.   The  lakes 
covered  by  night  were  the  Baraga  Lakes, 
Bulldog,  and  White  Deer. 

About  148  miles  were  walked  on  bare 
ground  in  the  tract  from  April  to  October, 
and  70  miles  were  snowshoed  or  skied  from 
November  to  March. 


Intensive  Methods 


Attempts  were  made  to  obtain  quantita- 
tive information  on  populations  of  small 
mammals  in  five  habitat  types  (table  1) . 
The  usual  scheme  was  to  set  a  7  by  4  grid 
of  live  traps1  spaced  50  feet  (15.2  m) 
apart  for  4  nights.   All  live  mice  and 
chipmunks  caught  were  ear  tagged  and  re- 
leased.  Immediately  after  this  4  night 
period,  pitfalls  were  dug  in  the  center  of 
each  50-foot  square  enclosed  by  the  trap 
locations,  resulting  in  a  6  by  3  grid  of 
pitfalls.   A  metal  can  10  inches  in  diame- 
ter and  12.5  inches  deep  was  sunk  into 
each  pitfall.   Chipmunks  could  escape  by 
jumping  out  of  the  cans  but  it  is  unlikely 
that  any  mice  or  shrews  did.   The  objective 
of  the  pitfalls  was  two-fold.   First  they 
are  effective  in  capturing  shrews  (Buckner 
1955,  Coulombe  and  Banta  1964),  and  second 
they  provide  a  way  of  capturing  small  ro- 
dents that  eliminates  the  bias  in  mark- 
recapture  data  caused  by  avoidance  or 
attraction  of  baited  traps  (Kott  1965) . 


In  1973  considerable  effort  was  spent 
in  determining  loon  populations  and  their 
reproductive  efforts  and  success.   Each 
lake  was  visited  several  times  and  inten- 
sively searched  for  nests  if  loons  were 
found.   The  hatching  and  rearing  success 
of  loons  was  followed  through  the  month 
of  July. 

Ruffed  grouse  populations  were  estimat 
by  recording  sighting  distances  and  perpen- 
dicular distance  of  each  bird  from  the  line 
of  walk, according  to  the  formulas  of  Kelker 
(1945)  and  King  (Leopold  1933),  recently 


lisals 


Some  were  specially  designed  and 
provided  by  Richard  Buech,    USDA  Forest 
Service,   Rhinelander,    Wisconsin,   and  some 
were  Havahart  No.    0.     Mention  of  trade 
names  does  not  constitute  endorsement  of 
the  products  by  the  USDA  Forest  Service. 


Table  1. — Small  mammal  trapping  dates  and  locations 


Trap 

Type  of  trap 

Dates 

nights 

Type  of  habitat 

Location 

July  7  to 

198 

P 

Bog 

NW*s  of  NW*s 

17,  1972 

Sec.  11.  T49N 
R30W 

July  17  to 

112 

L 

Hardwood-pine 

SW*t  of  SEls 

21,  1972 

Sec.  2.  T49N 
R30W 

July  21  to 

71? 

P 

Hardwood-pine 

do. 

25,  1972 

July  24  to 

140 

L 

Spruce  barrens 

NE^  of  NVft; 

29,  1972 

Sec.  15.  T49N 
R30W 

July  29  to 

90 

P 

Spruce  barrens 

do. 

Aug.  2, 

1972 

July  31  to 

140 

L 

Spruce  swamp 

SW-s  of  NW** 

Aug .  4 , 

Sec.  15.  T49N 

1972 

R30W 

Aug.  4  to 

144 

P 

Spruce  swamp 

do. 

11,  1972 

Aug.  7  to 

112 

L 

White  birch- 

E^  of  NEk 

11,  1972 

aspen 

Sec.  15.  T49N 
R30W 

May  21  to 

90 

P 

Spruce  barrens 

NE^t  of  mik 

25,  1973 

Sec.  15.  T49N 
R30W 

May  21  to 

90 

P 

Spruce  swamp 

do. 

25,  1973 

May  28  to 

90 

P 

Hardwood-pine 

SWlj  of  SEls 

June  3, 

Sec.  2.  T49N 

1973 

R30W 

May  28  to 

90 

P 

Bog 

SEJj  of  SEij 

June  3 , 

Sec.  2.  T49N 

1973 

R30W 

July  9  to 

198 

P 

Hardwood-pine 

NEJi  of  NE^ 

19,  1973 

Sec.  20.  T50N 
R29W 

P  =  pitfall;  L  =  live-trap. 


own  to  be  two  of  the  most  reliable  esti- 
ting  methods  (Robinette  et  al.    1974).   The 
rmulas  are: 

Kelker:   N  =  N1  A/2  L  D,  and 
King:   N  =  n  A/2  L  R. 

Where:   N  =  estimated  animal  population; 
=  number  of  animals  seen;  n  =  number  of 
imals  seen  within  2D;  D  =  width  of  a  strip 
thin  which  all  animals  are  believed  to  be 
en  (25  feet  for  ruffed  grouse) ;  A  =  area 
mpled;  L  =  length  of  census  lines;  and 
=  mean  sighting  distance. 


RESULTS 

Birds 

Bird  species  seen  in  the  McCormick 
rest  numbered  109  (table  2).   Most  of  the 
ecies  seen  along  County  Road  607  within 


9  miles  of  the  McCormick  Forest,  probably 
also  occur  within  the  Forest.   These  include 
the  goshawk,  Cooper's  hawk,  brown  thrasher 
(observed  in  the  tract  by  Hermann) ,  the  red 
crossbill  and  the  starling.   A  goshawk  nest 
was  found  between  Bulldog  and  Margaret  Lakes 
in  1969.    Two  starlings  were  seen  about  9 
miles  south  of  the  McCormick  Forest.   They 
are  also  found  near  Ives  Lake  10  miles  north. 
Because  of  the  nearly  unbroken  forest  habitat 
on  the  McCormick  Forest,  however,  the  star- 
ling probably  does  not  occur  there.   Spruce 
grouse  were  reported  from  a  conifer  area  8 
miles  west  of  the  McCormick  Forest  and  they 
are  common  on  the  Yellow  Dog  Plains,  3  miles 
north,  but  none  was  found  in  the  McCormick 
Forest  during  the  present  study. 


Reported  by  Duane  Campbell,   Fisheries 
Biologist,    Ottawa  National  Forest. 


Table  2. — Birds  seen  in  the  McCormick  Forest 


:   Present 

:   Hermann 

2 
:   Status  and 

Species 

:    study 

:   comments 

Common  loon3 

X 

X 

Abundant 

(Gavia  immer) 

Pied-billed  grebe 

X 

— 

Uncommon 

(Podilymbus  podiceps) 

Great  blue  heron 

X 

X 

Common 

(Ardea  herodias) 

American  bittern 

X 

X 

Uncommon 

(Botaurus   lentiginosus) 

Canada  goose 

X 

— 

Migrants  only 

(Branta  canadensis) 

passing  over 

Mallard3 

X 

— 

Common-nes  t  ing 

(Anas  platyrhynchos) 

Black  duck3 

X 

— 

Common-nesting 

(Anas  rubripes) 

Wood  duck 

X 

— 

Common-nesting 

(Aix  sponsa) 

Ring-necked  duck 

X 

— 

Uncommon-nesting 

(Aythya  aollaris) 

Common  goldeneye 

X 

-- 

Migrants  only  - 

(Buoephala  alangula) 

feeding  in  lakes 

Bufflehead 

X 

— 

Migrants  only  - 

(Buoephala  albeola) 

feeding  in  lakes 

Hooded  merganser 

X 

— 

Common-nesting 

(Lophodytes   auaullatus) 

Common  merganser 

X 

— 

Abundant-nesting 

(Mergus  merganser) 

Red-breasted  merganser 

— 

X 

Rare 

(Mergus  s err ator) 
Goshawk3'^ 

— 

— 

Rare 

(Aooipiter  gentilis) 

Sharp-shinned  hawk 

X 

X 

Uncommon 

(Accipiter  striatus) 

Cooper ' s  hawk 

— 

— 

Rare 

(Aooipiter  oooperii) 

Red-tailed  hawk 

X 

— 

Common-nesting 

(Buteo  jamaioensis) 

Red-shouldered  hawk 

— 

X 

Rare 

(Buteo   lineatus) 

Broad-winged  hawk 

X 

— 

Common-nesting 

(Buteo  platypterus) 

Marsh  hawk 

X 

— 

Uncommon 

(Circus  cyaneus) 
Osprey 

X 

X 

Uncommon 

(Pandion  haliaetus) 

Sparrow  hawk 

X 

X 

Uncommon 

(Falco  sparverius) 

Ruffed  grouse3 

X 

X 

Common-nesting 

(Bonasa  umbellus) 

Sandhill  crane 

X 

— 

Rare-one  seen 

(Grus  canadenis) 

flying  over 

American  coot 

— 

X 

Rare 

(Fulica  americana) 

American  woodcock3 

X 

— 

Common-nesting 

(Phi lohe la  minor) 

(Table  2  cont.  on  next  page) 


(Table  2  cont.) 


Present 

:   Status^  and 

Species                     : 

Study 

:   Hermann 

:   comments 

Common  snipe 

X 

__ 

Rare 

(Capella  gallinago) 

Spotted  sandpiper 

X 

X 

Common-nesting 

(Aatitis  maoularia) 

Solitary  sandpiper 

X 

— 

Rare-one  seen  on 

(Tringa  solitaria) 

Groves  Lake, 
Aug.  2,  1972 

Herring  gull 

X 

X 

Common 

{Lotus  argentatus) 

Black-billed  cuckoo 

— 

X 

Rare 

(Coaayzus  erythropthalmus) 

Great-horned  owl 

— 

X 

Rare 

{Bubo  virginianus) 

Barred  owl 

X 

— 

Common 

(Strix  varia) 

Whip-poor-will 

X 

— 

Uncommon 

(Caprimulgus  vooiferus) 

Nighthawk 

X 

X 

Common 

(Chordeiles  minor) 

Chimney  swift 

X 

X 

Common 

(Chaetura  pelagiaa) 

Ruby-throated  hummingbird 

X 

X 

Uncommon 

(Archilochus  oolubris) 

Belted  Kingfisher 

X 

X 

Common 

(Megaceryle  alcyon) 

Common  flicker 

X 

X 

Common 

(Colaptes  auratus) 

Pileated  woodpecker 

X 

X 

Uncommon 

(Dryooupus  pileatus) 

Yellow-bellied  sapsucker 

X 

X 

Common-nes  t  ing 

(Sphyrapicus  varius) 

Hairy  woodpecker3 

X 

X 

Common 

(Dendroeopos  villosus) 

Downy  woodpecker 

X 

X 

Common 

(Dendroeopos  pubescens) 

Black-backed  woodpecker 

X 

— 

Uncommon 

(Picoides  araticus) 

Eastern  kingbird 

X 

X 

Common-nesting 

(Tyrannus  tyrannus ) 

Alder  flycatcher 

X 

X 

Common 

(Empidonax  alnorum) 

Eastern  phoebe 

X 

X 

Common-nesting 

(Sayornis  phoebe) 

Least  flycatcher 

X 

X 

Common 

(Empidonax  minimus) 

Eastern  wood  pewee 

X 

X 

Common 

(Contopus  virens) 

Olive-sided  flycatcher 

X 

— 

Uncommon 

(Nuttallornis  borealis) 

Tree  swallow 

X 

X 

Common 

(Iridoproone  bioolor) 

Barn  swallow 

X 

X 

Common-nesting 

(Hirundo  rustioa) 

Purple  martin 

X 

X 

Rare 

(Progne  subis) 

Gray  jay3 

X 

— 

Uncommon 

(Perisoreus  canadenis) 

(Table  2  cont.  on  next  page) 


(Table  2  cont.) 


Present 

Status^  and 

Species 

study 

Hermann 

comments 

Blue  jay3 

X 

X 

Common 

(Cyanocitta  cristata) 

Common  raven3 

X 

X 

Common 

(Corvus  corax) 

Common  crow-* 

X 

X 

Uncommon 

{Corvus  brachyrhyncnqs) 
Black-capped  chickadee 

X 

X 

Common 

(Parus  atricapillus) 

Boreal  chickadee3 

X 

— 

Uncommon 

(Parus  hudsonicus) 

Red-breasted  nuthatch 

X 

X 

Common 

(Sitta  canadensis) 

Brown  creeper 

X 

X 

Uncommon 

(Certhia  familiaris) 

Winter  wren 

X 

X 

Common 

(Troglodytes  troglodytes) 

Catbird 

— 

X 

Rare 

(Dumetella  carolinesis) 

Brown  thrasher3 >^ 

— 

X 

Uncommon 

(Toxostoma  rufum) 

Robin 

X 

X 

Abundant-nesting 

(Turdus  migratorius) 

Hermit  thrush 

X 

X 

Common 

(Catharus  guttatus) 

Swainson's  thrush 

X 

X 

Common-nesting 

(C.    ustulatus) 

Veery 

X 

X 

Common-nesting 

(C.    fuscesoens) 

Golden-crowned  kinglet 

X 

X 

Common 

(Regulus  satrapa) 

Ruby-crowned  kinglet 

X 

X 

Uncommon 

(Regulus  calendula) 

Cedar  waxwing 

X 

X 

Common 

(Bomby cilia  cedrorum) 

Starling3' ^ 

— 

— 

Absent  on  Forest 

(Sturnus  vulgaris) 

Solitary  vireo 

X 

X 

Common 

(Vireo  solitarius) 

Red-eyed  vireo 

X 

X 

Common 

(Vireo  olivaceus) 

Black  and  white  warbler 

X 

— 

Uncommon 

(Mniotilta  varia) 

Tennessee  warbler 

— 

X 

Uncommon 

(Vermivora  peregrina) 

Nashville  warbler 

X 

X 

Common 

(Vermivora  ruficapilla) 

Northern  parula 

X 

X 

Common 

(Parula  americana) 

Yellow  warbler 

X 

X 

Uncommon 

(Dendroica  petechia) 

Magnolia  warbler 

X 

X 

Common 

(Dendroica  magnolia) 

Black-throated  blue  warbler 

X 

X 

Uncommon 

(Dendroica  caerulescens) 

Yellow-rumped  warbler 

X 

X 

Common 

(Dendroica  coronata) 

_^ j 

(Table 

2  cont.  on  next  page) 

(Table  2  cont.) 

:      Present 

; 

2 
:   Status  and 

Species 

:   study 

:   Hermann 

:    comments 

Black-throated  green  warbler 

X 

X 

Common 

(Dendroica  virens) 

Blackburnian  warbler 

X 

X 

Common 

(Dendroica  fusaa) 

Chestnut-sided  warbler 

X 

X 

Common 

{Dendroica  pensylvanica) 

Oven-bird 

X 

X 

Abundant 

(Seiurus  aurocapillus) 

Northern  waterthrush 

— 

X 

Uncommon 

(Seirus  noveboracensis) 

Mourning  warbler 

X 

X 

Common 

(Oporornis  Philadelphia) 

Yellowthroat 

X 

X 

Uncommon 

(Geothlypis  triahas) 

American  redstart 

— 

X 

Uncommon 

(Setophaga  rutiailla) 

Red-winged  blackbird 

X 

X 

Common 

(Agelaius  phoeniaeus) 

Common  grackle 

X 

X 

Common 

(Quiscalus  quiscalus) 

Brown-headed  cowbird 

— 

X 

Uncommon 

(Molothrus  ater) 

Scarlet  tanager 

X 

X 

Uncommon 

(Piranga  olivacea) 

Rose-breasted  grosbeak 

X 

X 

Common 

(Pheucticus  ludovicianus) 

Evening  grosbeak 

X 

X 

Common 

(Hesperiphona  vespertina) 

Purple  finch 

X 

X 

Uncommon 

(Carpodacus  purpureus) 

Pine  grosbeak 

X 

— 

Uncommon 

(Pinicola  enueleator) 

Pine  siskin 

— 

X 

Uncommon 

(Spinus  pinus) 

American  goldfinch 

X 

X 

Uncommon 

(Spinus  tristis) 

Red  crossbill 

— 

— 

Uncommon 

(Loxia  curvirostra) 

Vesper  sparrow 

X 

— 

Rare 

(Pocecetes  gramineus) 

Slate-colored  junco 

X 

X 

Common 

(Junco  hyemalis) 

Chipping  sparrow 

X 

X 

Abur.dant 

(Spizella  passerina) 

White-throated  sparrow 

X 

X 

Abundant -nesting 

(Zonotrichia  albicollis) 

Swamp  sparrow 

— 

X 

Uncommon 

(Melospiza  geovgiana) 

Song  sparrow 

X 

X 

Common-nesting 

(Melospiza  melodia) 

Snow  bunting 

X 

— 

Uncommon  migrant 

(Plectrophenax  nivalis) 

in  fall 

1 

2 

Abundant — very  likely  to  be  seen  in  large  numbers  in  its  habitat  at  the  proper 

season;  common — may  be  seen  most  of  the  time  in  the  proper  habitat  in  the  proper  season; 

uncommon — may  be  seen  quite  regularly  in  small  numbers  in  the  proper  habitat  and  season; 

and  rare — may  be  seen  only  on  a  small  percent  of  trips  and  habitat  is  restricted. 

(Robbins  et  al.  1966) 

~   Discussed  in  text. 

Species  seen  only  on  County  Road  607  leading  to  McCormick  Forest. 


Undoubtedly  many  species  of  birds  that 
occur  in  the  McCormick  Forest  went  unob- 
served.  Concerted  effort  by  large  numbers 
of  people,  especially  during  migration 
seasons,  would  probably  reveal  perhaps  50 
additional  species.   Rice-*  has  recently  com- 
piled a  list  of  225  species  of  birds  sighted 
since  1900  at  the  Huron  Mountain  Club  8  to 
12  miles  north  of  the  McCormick  Forest. 
Rice  suggests  that  it  is  possible  for  a  single 
observer  at  the  Huron  Mountain  Club  to  record 
120  to  150  species  in  a  summer  season.   By 
comparison,  our  list  of  109  for  2  seasons  on 
the  McCormick  Forest  appears  scanty.   Because 
the  Huron  Mountain  Club  area  borders  on  Lake 
Superior,  however,  and  contains  an  abandoned 
dairy  pasture,  more  bird  habitats  and  species 
occur  there  than  on  the  relatively  uniformly 
forested  and  landlocked  McCormick  Forest. 

In  1973  intensive  efforts  were  made  to 
census  populations  of  the  common  loon  and 
their  reproductive  success.   Four  nests  were 
found;  one  each  on  Summit,  Upper  Baraga, 
Bulldog,  and  Raymond  Lakes.   Adult  loons 
were  also  seen  on  Lake  Margaret  and  Island 
Lake  but  they  apparently  did  not  nest.   The 
nest  on  Upper  Baraga  Lake,  which  contained 
one  egg,  was  incubated  faithfully  but  did 
not  hatch.   The  other  three  nests  each  con- 
tained two  eggs  and  all  of  them  hatched.   All 
six  young  were  still  alive  in  mid-August. 
Thus  a  population  of  11  to  12  adult  loons 
produced  6  offspring  on  the  McCormick  Forest 
in  1973.   The  previous  year  an  estimated  13 
adults  produced  4  young.   During  the  2  years 
the  adult :young  ratio  was  about  25:10  or 
2.5:1.   This  compares  favorably  with  a  ratio 
of  4:1  reported  by  Olson  and  Marshall  (1952) 
from  northern  Minnesota  and  7.1:1  in  British 
Columbia  (Olson  and  Marshall  1952) .   The 
breeding  range  of  the  loon  in  Michigan  has 
been  rapidly  restricted  in  recent  years 
because  of  development  of  lakeshores  and 
increased  disruption  of  nesting  areas  by 
people  engaged  in  recreation.   It  would 
appear  that  the  isolated  and  undisturbed 
character  of  the  McCormick  Forest  contributes 
substantially  to  the  breeding  success  of  its 
loon  population. 

Upper  Michigan  lies  in  a  transitional 
area  between  the  range  of  the  black  duck  to 
the  east  and  the  mallard  to  the  west 
(Johnston  1970) .   Seven  sightings  of  mallards 
with  two  broods  were  made  and  five  sightings 
of  black  ducks  with  two  broods  were  made  in 


the  McCormick  Forest,  adding  support  to 
Johnston's  (1970)  contention  that  mallards 
slightly  outnumber  black  ducks  in  Marquette 
County. 

No  osprey  was  seen  in  1972,  but  In 
1973  several  sightings  of  a  lone  bird  were 
made  at  Bulldog  Lake  and  one  sighting  was 
made  at  Summit  Lake.   Hermann  reported 
seeing  an  osprey  in  1971. 

In  the  summer  of  1972,  seven  adult 
ruffed  grouse  were  seen  in  35^5  miles  of 
walking  for  an  average  of  one  adult  grouse 
seen  per  5.1  miles.   In  summer  of  1973,  16 
adult  grouse  were  seen  in  104  miles  of 
walking  for  an  average  of  1  per  6.5  miles. 
In  the  winter  of  1972-73,  11  grouse  were 
seen  in  70  miles  of  walking,  or  1  per  6.4 
miles.   In  1972,  5  of  the  7  adult  ruffed 
grouse  seen  had  broods,  while  in  1973  only 
6  of  the  16  adults  had  broods.   Population 
density  in  1972  as  estimated  by  the  King 
method  (Robinette  et  al.    1974)  was  17.3 
adults  per  square  mile  while  in  1973  it 
was  15.0  per  square  mile.   Estimates  made 
by  the  Kelker  method  were  30.2  and  18.1 
birds  per  square  mile  for  1972  and  1973, 
respectively.   These  densities  compare  with 
17  to  31  per  square  mile  in  the  Adirondack 
Mountains  of  New  York  (Bump  et  al.    1947) , 
5  to  54  per  square  mile  in  Lower  Michigan 
(Palmer  and  Bennett  1963) ,  and  27  to  40 
per  square  mile  in  Alberta  (Rusch  and 
Keith  1971),  to  pick  a  few  examples.   Thus, 
ruffed  grouse  populations  are  comparable 
to  those  in  other  areas. 


On  the  evening  of  May  31,  1973,  nine 
singing  male  woodcock  were  counted  on  a 
1.8-mile  route  extending  from  the  spruce 
barrens  along  the  Peshekee  River  down 
County  Road  607  and  up  the  McCormick  Road 
along  Baraga  Creek.   About  nine  woodcock 
were  seen  performing  in  mid-May  on  the 


spruce  barrens 


In  summer,  six  hairy  and  five  downy 
woodpeckers  were  sighted,  indicating  a 
nearly  even  ratio  of  the  two  species.   In 
winter,  however,  the  downy  was  more  preva- 
lent, with  18  downy  to  only  7  hairy  wood- 
peckers seen. 


R.   A.   Rice.      Unpublished  revised 
checklist,  Huron  Mountain  Birds.      22  p. 
Huron  Mountain  Club,   Big  Bay,   Mich.      1974. 


In  this  case  and  others  similar  throu 
out  the  paper,   some  animals  may  have  been 
"seen"  or   "sighted"  more  than  once. 

Reported  by  James  Haveman. 


Of  the  2  jays  recorded,  sightings  of 
»e  blue  jay  outnumbered  those  of  its 
>rthern  relative,  the  gray  jay,  by  16  to 
in  the  summer.   In  winter,  however,  we 
tw  three  gray  jays  but  no  blue  jays. 
.though  the  blue  jay  is  found  in 
irquette  County  commonly  in  winter,  it 
iparently  associates  closely  with  man 
iring  that  season. 

Black-capped  chickadees  outnumbered 
ireal  chickadees  in  summer  with  9 
.ghtings  to  3  and  in  winter  by  26  to  2. 

Ravens  were  far  more  commonly  seen 
lan  crows,  with  6  summer  and  17  winter 
.ghtings  of  ravens  to  only  3  summer 
.ghtings  of  crows. 

Eleven  species  of  birds  were  seen  in 
le  winter.   Species  and  numbers  seen  were; 
.ack-capped  chickadee  (26) ,  downy  wood- 
>cker  (18),  raven  (17),  ruffed  grouse 
.1) ,  hairy  woodpecker  (7) ,  pileated  wood- 
;cker  (3),  gray  jay  (3),  boreal  chickadee 
0 ,  black-backed  woodpecker  (1) ,  red- 
feasted  nuthatch  (1),  and  brown  creeper 
L) .   A  goshawk  and  a  blue  jay  were  seen 
i  County  Road  607  in  winter  several  miles 
)uth  of  the  McCormick  Forest. 


Mammals 

isectivora 

Masked  shrew    (Sorex  cinereus) . — The 
isked  shrew  was  found  in  all  habitat  types 
l  densities  of  up  to  11  per  acre   (table  3) 
:oga  and  Verme  (1968)  found  this  species 


Haveman  (1973)  gives  details  of  shrew 
Istribution,  food  habits,  and  population  in 
le  McCormiok  Forest. 


to  be  the  most  common  small  mammal  in  coni- 
fer swamps  in  the  east-central  Upper 
Peninsula  (UP).   Manville  (1949)  found 
masked  shrew  densities  of  0.2  per  acre  in 
hemlock  habitat  and  4.2  per  acre  in  a  cedar 
swamp  in  the  Huron  Mountain  area.   Laundre 
(1974)  in  the  same  area  found  densities  of 
8.1  per  acre  in  maples  and  4.6  per  acre  in 
open  meadows.   It  appears  that  shrew  den- 
sities in  the  McCormick  Forest  were  quite 
high  in  1972. 

Arctic  shrew    (Sorex  arcticus) . — Eight 
arctic  shrews  were  captured,  four  each  in 
the  hardwood-pine  and  bog  areas.   Ozoga  and 
Verme  (1968)  also  caught  this  species  in 
conifer  swamps  in  the  east-central  UP. 
Neither  Laundre  (1974)  nor  Manville  (1949) 
caught  arctic  shrews  in  their  studies  of 
mammals  in  the  Huron  Mountain  area. 

Water  Shrew   (Sorex  palustris) . — One 
water  shrew  was  collected  in  a  pitfall  set 
for  amphibians  near  Camp  11  Lake  in  July 
1972.   Another  was  seen  on  July  1,  1972, 
on  the  Yellow  Dog  River.   This  species  is 
apparently  not  common  anywhere  (Burt  1948) . 
Manville  (1942)  captured  two  water  shrews 
in  the  Huron  Mountain  area,  but  Laundre 
(1974)  caught  none  in  that  area.   Ozoga  and 
Verme  (1968)  likewise  reported  no  captures 
of  this  species  in  their  work  in  conifer 
swamps  in  Alger  and  Schoolcraft  Counties. 

Pigmy  shrew    (Microsorex  hovi) . — Eleven 
pigmy  shrews  were  captured  during  the  study 
with  population  densities  of  up  to  only  3 
per  acre  in  the  bog.   None  were  caught  in 
hardwood-pine  habitat.   Manville  (1949)  caught 
three  pigmy  shrews  in  the  Huron  Mountains 
but  Laundre  (1974)  caught  none.   Ozoga  and 
Verme  (1968)  captured  none  in  the  east-central 
UP.   It  appears  that  populations  of  pigmy 
shrews  were  unusually  high  on  the  McCormick 


Table  3. — Shrew  population  densities  on  the  McCormick 
Forest 
(In  number  per  acre  ) 


:   Sorex 

:  Sorex 

:  Microsorex 

Blarina 

Habitat        : 

Year 

:  cinereus 

:  arcticus 

:    hoyi 

1  revicauda 

Bog 

1972 

6 

4 

2 

5 

Bog 

1973 

5 

0 

3 

3 

Spruce  swamp 

1972 

11 

0 

2 

7 

Spruce  barrens 

1972 

4 

0 

1 

1 

Hardwood-pine 

1972 

9 

4 

0 

19 

Hardwood-pine 

1973 

4 

0 

0 

7 

^Determined  by  trapping  a  1-acre  plot  for  5  days.  Only  areas  trapped 
one  time  are  included  because  the  high  rate  of  removal  probably  influences 
subsequent  estimates. 


Forest  as  Burt  (1948)  noted  only  four  records 
from  the  UP. 

Short-tailed  shrew   (Blarina  brevicauda) . — 
The  short-tailed  shrew  was  the  most  frequently 
captured  shrew,  with  48  being  taken,  and  at 
least  1  from  each  habitat  sampled.   In  1972, 
1  hardwood-pine  plot  had  a  density  of  at  least 
19  per  acre.  Manville  (1949)  found  densities 
of  up  to  12  per  acre  in  the  Huron  Mountain 
area,  and  Laundre  (1974)  found  densities  of 
up  to  8  per  acre.   Highest  densities  were  in 
the  hardwood-pine  area  on  the  McCormick  Forest, 
but  other  authors  (Manville  1949,  Ozoga  and 
Verme  1968,  Nofz  1972)  report  high  densities 
from  wetter  areas.   Apparently  this  abundant 
shrew  has  rather  cosmopolitan  habitat  prefer- 
ences. 


Chiroptera 

Little  brown  bat    (myotis  lucifugus) . — 
The  little  brown  bat  was  the  only  species  of 
bat  identified  on  the  Forest.   A  colony  of 
about  200  occupied  the  buildings  near  White 
Deer  Lake.   The  colony  was  examined  several 
times  but  no  other  species  was  found.   The 
little  brown  bat  is  undoubtedly  the  most 
common  bat  in  northern  Michigan.   Bats  were 
not  common  on  lakes  other  than  White  Deer 
and  Bulldog. 


Carmvora 

Black  bear    (Euarctos  =  Ursus  americanus) . 
Tracks,  droppings,  and  diggings  of  bears  were 
found  throughout  the  Forest.   Two  bears  were 
seen  in  1973,  a  yearling  near  Baraga  Lakes 
and  a  large  adult  in  the  southwest  corner  of 
the  Forest.   The  black  bear  is  probably  as 
abundant  on  the  Forest  as  elsewhere  in  the 
UP.   Because  of  the  low  level  of  human  usage, 
however,  the  bears  in  the  McCormick  Forest 
are  not  prone  to  scavenging  from  human  food 
supplies  or  refuse,  and  remain  quite  secre- 
tive. 

Raccoon    (Procvon  lotor) . — The  raccoon 
has  become  common  in  the  northern  Upper 
Peninsula  only  in  the  past  25  years  (DeVos 
1964,  Laundre  1974).   Tracks  were  found  along 
Lower  Baraga  Lake  and  along  the  east  branch 
of  the  Yellow  Dog  River.   A  lactating  female 
was  observed  closely  with  a  spotlight  from  a 
canoe  on  Lower  Baraga  Lake  on  June  25,  1973. 
Raccoons  seem  to  maintain  low  numbers  in  the 
McCormick  Forest. 

Wease Is    (Mustela  erminea  and  _M .  frenata) . 
The  ermine  (short-tailed  weasel)  and  long- 
tailed  weasel  are  combined  in  this  discussion 


because  of  the  difficulty  of  distinguishing 
their  tracks.   Only  one  weasel,  an  ermine,  was 
seen  during  the  study.  Tracks  of  20  weasels 
were  encountered  during  the  winter  indicating 
that  they  are  widespread  in  the  Forest  but  not 
abundant.   Laundre  (1974)  collected  a  short- 
tailed  weasel  and  the  skull  of  a  long-tailed 
weasel  in  the  Huron  Mountains  in  1973. 
Manville  (1942)  collected  six  short-tailed 
and  four  long-tailed  weasels  in  the  Huron 
Mountain  area. 

Fisher    (Martes  pennanti) . — The  fisher 
was  a  former  resident  of  Upper  Michigan  but 
was  apparently  trapped  to  extinction  by  the 
1930's  (Brander  and  Books  1973,  Irvine  et  al. 
1964,  Manville  1942).   Between  1961  and  1963, 
61  fishers  from  Ontario  were  released  in 
Iron  County,  about  90  miles  southwest  of  the 
McCormick  Forest.   Continued  collection  of 
specimens  indicates  that  the  fisher  has  be- 
come re-established  in  Michigan  (Brander 
and  Books  1973) .   In  the  McCormick  Forest 
five  fisher  tracks  were  found  in  the  winter 
of  1972-73.   Their  location  and  travel  routes 
indicated  that  there  were  probably  no  more 
than  two  present.   Laundre  (1974)  found  two 
sets  of  fisher  tracks  in  the  Huron  Mountains 
in  1973-74.   It  appears  that  the  fisher  is 
present  in  low  densities  on  the  McCormick 
Forest. 


Mink    (Mustela  vison) . — Mink  are  common 
in  the  McCormick  Forest  although  they  are 
not  frequently  seen.   On  October  25,  1969, 
I  saw  one  on  the  Peshekee  River  beneath  the 
McCormick  Road  bridge.   Seven  mink  tracks 
were  found  on  March  20,  1973,  and  tracks  were 
seen  in  the  summer  along  the  Peshekee  River 
and  Lower  Baraga  Lake.   Laundre  (1974)  and 
Manville  (1942)  also  found  mink  to  be  common 
in  the  Huron  Mountains. 

Otter    (Lutra  canadensis)  .—One  otter 
was  seen  on  a  bog  pond  south  of  Lake  Dortay. 
Scats  were  found  at  Lower  Baraga  and  Island 
Lakes.   In  the  winter  eight  otter  tracks 
were  found  in  various  locations  throughout 
the  Forest.   Similar  low  density  but 
probably  typical  otter  populations  appear 
to  exist  in  the  Huron  Mountains  area  (Laundre 
1974). 

Red  fox   (Vulpes  fulva) . — One  fox  was 
seen  on  the  Forest  and  another  about  a  mile 
south  of  it.   Only  four  fox  tracks  were  found 
during  the  winter.   Manville  (1942)  reported 
foxes  to  be  numerous  in  the  Huron  Mountain 
area,  with  23  killed  in  1932  and  1933.   Laundr 
(1974)  also  regarded  them  as  common  there.   Ti- 
red fox  appears  to  be  uncommon  on  the  McCormic 
Forest. 
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Coyote    (Canis  latrans) . — One  coyote 
was  seen  about  2  miles  west  of  the  Forest 
and  one  was  heard  howling  in  the  southwest 
corner  of  the  Forest.   A  few  scats  and 
tracks  were  found  in  the  summer;  22  tracks 
were   found  during  the  winter.   The  coyote 
is  uncommon,  probably  because  it  prefers 
apen  or  semi-open  country  to  heavily  wooded 
terrain.   Manville  (1942)  reported  that  the 
coyote  was  common  in  the  Huron  Mountain  area 
but  Laundre  (1974)  suggests  it  is  uncommon 
there  recently. 

Wolf   (Canis  lupus) . — It  is  estimated 
that  only  6  to  10  native  wolves  remain  in 
the  Upper  Peninsula  after  populations  de- 
fined sharply  in  the  late  1950 's 
(Hendrickson  et  al.    1975).   Four  radio- 
tagged  wolves  were  released  in  the  Huron 
"fountains  in  March  1974  but  none  of  these 
sntered  the  McCormick  Forest.   In  May  1972, 
tracks  of  a  wolf  were  seen  in  the  southwest 
part  of  the  Forest.   One  was  reported  near 
tfolf  Lake,  about  5  miles  southwest  of  the 
forest  in  November  of  1973.   It  can  be 
:oncluded  that  the  wolf  is  all  but  absent 
Erom  the  study  area. 

Bobcat    (Lynx  rufus) . — Thirteen  bobcat 
tracks  were  found  during  the  winter  and  3 
Ln  the  summer.   Laundre  (1974)  reported 
seeing  a  bobcat  in  the  Huron  Mountains  and 
i  few  tracks.   Manville  (1942)  reported  the 
Dobcat  to  be  present  but  not  abundant  there, 
[n  the  McCormick  Forest  bobcats  seem  to  be 
somewhat  more  abundant  than  in  the  Huron 
•fountains ,  possibly  because  the  snowshoe 
lare,  its  principal  prey,  is  also  more 
abundant . 


Rodentia 

Woodohuok    (Marmota  monax) . — Nine 
sightings  of  woodchucks  were  made  in  the 
McCormick  Forest.   One  was  on  the  spruce 
barrens,  another  on  the  road,  and  the 
rest  near  the  buildings  at  White  Deer 
Lake;  two  sightings  were  in  1972,  and 
seven  in  1973.   On  County  Road  607,  south 
of  the  Forest,  4  sightings  of  woodchucks 
were  made  in  1972  and  19  in  1973.   It  is 
likely  that  the  population  increased  in 
1973.   In  the  Huron  Mountains  both  Manville 
(1942)  and  Laundre  (1974)  considered  the 
woodchuck  common.   In  the  more  continuous 
cover  of  the  McCormick  Forest  it  seems  to 
be  uncommon. 


By  Donald  Lappala,    USDA  Forest  Service, 
Iron  River. 


Least  chipmunk    (Eutamias  minimus)  and 
Eastern  chipmunk    (Tamias  striatus) . — Both 
species  of  chipmunks  are  abundant  in  the 
Forest.   Because  of  their  abundance  and 
conspicuous  diurnal  behavior,  all  sightings 
of  chipmunks  were  not  recorded.   They  were 
present  in  all  habitats  except  the  bog  and 
there  seemed  to  be  little  distinction  be- 
tween habitats  of  the  two  species. 

More  least  chipmunks  (33)  than  eastern 
chipmunks  (29)  were  sighted  on  the  Forest. 
On  County  Road  607,  46  sightings  of  least 
chipmunks  were  made  to  31  of  the  eastern. 

Laundre  (1974)  reported  a  decline  in 
least  chipmunks  in  the  Huron  Mountains  be- 
tween 1972  and  1973.   No  such  decline  ap- 
peared in  the  McCormick  Forest  with  16 
recorded  sightings  in  1972  to  17  in  1973. 
(Sightings  were  recorded  while  we  were 
walking  but  only  on  certain  days.)   Along 
County  Road  607  in  1972,  however,  27  sight- 
ings were  made  in  1972  to  19  in  1973,  despite 
the  fact  that  about  20  percent  more  miles 
were  driven  in  1973.   Differences  in  popu- 
lation levels  between  the  2  years  were  not 
statistically  significant. 

Red  squirrel    (Tamiasciurus  hudsonicus) . — 
The  red  squirrel  is  common  in  the  McCormick 
Forest;  29  were  sighted  during  the  study. 
During  winter,  143  red  squirrel  tracks  were 
found  in  56  miles  of  hiking.   Laundre  (1974) 
recorded  a  sharp  decline  of  this  species  in 
the  Huron  Mountain  area  between  1972  and  1973. 
No  decrease  in  red  squirrel  numbers  could  be 
noted  in  the  McCormick  Forest  with  11  sight- 
ings in  1972  and  18  in  1973.   On  County  Road 
607,  however,  eight  squirrels  were  seen  in 
1972  and  four  in  1973.   Laundre  (1974)  esti- 
mated a  population  of  about  11  per  acre  in 
the  Huron  Mountains  in  summer  of  1972  based 
on  a  call  census.   Although  no  quantitative 
data  on  density  were  gathered  on  the  Forest, 
I  estimate  that  there  was  less  than  one  red 
squirrel  per  acre. 

Northern  flying  squirrel    (Glaucomys 
sabrinusl . — Assessing  the  population  of 
flying  squirrels  is  difficult  because  of 
their  secretive,  nocturnal  habits.   During 
night  lighting  we  saw  one  along  the  shore 
of  White  Deer  Lake  and  one  was  heard  along 
Bulldog  Lake.   Tracks  of  four  flying 
squirrels  were  found  in  the  snow  at  various 
locations,  and  it  is  possible  that  some 
tracks  identified  as  red  squirrel  tracks 
could  have  been  those  of  flying  squirrels. 
Manville  (1942)  saw  nine  flying  squirrels 
in  29  weeks  in  the  Huron  Mountain  Club 
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between  1939  and  1942.   Laundre  (1974) 
saw  only  two  in  about  16  weeks  in  1972 
and  1973,  about  the  same  frequency  as  our 
two  observations.   The  flying  squirrel 
appears  to  be  uncommon  in  the  McCormick 
Forest. 

Beaver    (Castor  canadensis) . — The 
beaver  is  very  common  on  the  McCormick 
Forest.   Night  lighting  produced  15  sight- 
ings, and  12  other  beavers  were  seen  in  the 
daytime.   Active  colonies  were  present  on 
practically  every  waterway  and  lake.   At 
least  17  colonies  with  9  known  active  lodges 
were  present  in  1973.   Using  Bradt's  (1938) 
estimate  of  2.4  beavers  per  colony  with  no 
lodge  and  4.0  per  colony  with  a  lodge,  at 
least  55  beavers  were  present.   Using 
Manville's  (1942)  estimate  of  5.1  beaver 
per  colony  a  total  of  87  beavers  is  ob- 
tained.  Assuming  that  we  may  not  have  found 
several  colonies,  an  estimate  of  a  summer 
population  of  70  to  100  beavers  (2.6  to 
3.8  per  square  mile)  is  probably  realistic. 
This  compares  with  1.8  beavers  per  square 
mile  in  1973  (Laundre  1974)  and  4.7  per 
square  mile  in  the  early  1940 's  (Manville 
1942)  in  the  Huron  Mountain  area.   Beaver 
trapping  is  permitted  on  the  Forest  but 
only  one  trapper  was  known  to  have  trapped 
there.   He  caught  an  adult  beaver  in  March 
1972  on  an  un-named  stream  in  Section  11. 

Deer  mouse    (Peromyscus  maniculatus) . — 
Deer  mice  were  abundant  on  the  McCormick 
Forest;  densities  ranged  up  to  43  per  acre 
in  mature  upland  forest  (table  4).   Manville 
(1949)  found  somewhat  lower  densities  than 


this  in  the  Huron  Mountain  area  but  Laundre 
(1974)  found  about  36  mice  per  acre  in  the 
mature  maple  forest  there.   By  adjusting 
Manville's  calculations  to  assume  a  some- 
what smaller  area  of  trap  influence,  Laundre 
concluded  that  Manville's  deer  mouse  popu- 
lation densities  were  actually  similar  to 
his.   Terman  (1968)  in  reviewing  literature, 
notes  that  populations  greater  than  11  per 
acre  may  be  exceptionally  high.   It  appears 
that  deer  mouse  populations  in  the  proper 
habitat  in  northern  Michigan  are  very  high 
relative  to  those  in  other  areas. 

Southern  bog  lemming  (Synaptomys  cooperi 
We  caught  only  three  bog  lemmings,  one  each  i 
the  bog,  spruce-blueberry  barrens,  and  the  ha, 
wood-pine  forest.  Both  Manville  (1942)  and 
Laundre  (1974)  reported  this  species  to  be  ra 
in  the  Huron  Mountain  area  and  that  evaluatio 
seems  to  apply  in  the  McCormick  Forest. 

Boreal  redbaak  vole    (Clethrionomvs 
gapperi) . — The  redback  vole  is  probably  the 
second  most  common  but  the  most  widespread 
mouse  in  the  McCormick  Forest  (table  4) . 
It  was  found  in  all  habitats  sampled  except 
the  bog.   Densities  of  six  to  eight  voles 
per  acre  were  estimated  in  the  white  birch- 
aspen  and  mature  hardwood-white  pine  areas, 
consistent  with  densities  in  other  areas 
(Laundre  1974,  Jackson  1961,  Manville  1949). 
Manville  (1949)  also  found  this  species  over 
a  wide  range  of  habitats  in  the  Huron 
Mountains. 

Meadow  vole    (Microtus  pennsylvanicus) . — 
Meadow  voles  were  captured  only  in  the  bog 


Table  4. — Estimated  population  densities  of  small  rodents 
on  the  MoCormiok  Forest 
(In  animals  per  acre) 


Deer 

:   Red-backed 

Meadow 

:     Bog 

Habitat         : 

Mouse 

:     vole 

mouse 

:   lemming 

Hardwood-white 

432 

8 

0 

2 

pine,  1972 

Hardwood-white 

19 

6 

0 

0 

pine,  1973 

White  birch- 

5 

6 

0 

0 

aspen,  1972 

Spruce-blueberry 

2 

2 

0 

2 

barrens,  1972 

Spruce  swamp,  1972 

0 

2 

0 

0 

Bog,  1972 

0 

0 

8 

2 

Estimates  in  this  plot  are  based  on  a  Lincoln  Index  (Giles  1969)  of 
animals  originally  captured  in  live-traps  and  subsequently  recaptured  in 
pitfalls. 

2Standard  estimate  against  which  catch  per  trap-night  in  live-traps  or 
pitfalls  in  other  habitats  were  compared. 
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habitat  where  six  specimens  were  taken.   This 
species  prefers  dense  grassy  cover  (Jackson 
1961)  and  sometimes  reaches  densities  of  up 
to  2,000  per  acre  (Aumann  1965).   In  the 
McCormick  Forest  populations  are  apparently 
scattered  and  not  very  dense  where  they  do 
occur  in  grassy  bogs  and  beaver  meadows. 
Manville  (1949)  captured  several  meadow 
voles  in  bog  and  meadow  habitats  in  the 
Huron  Mountains  but  Laundre  (1974)  caught 
only  one.   Nofz  (1972)  likewise  found  low 
populations  in  the  Keweenaw  Peninsula,  al- 
though it  was  present  in  a  variety  of  habi- 
tats, and  Ozoga  and  Verme  (1968)  found  small 
numbers  of  meadow  voles  in  conifer  swamps 
in  Alger  and  Schoolcraft  Counties.   Inves- 
tigators in  Upper  Michigan  have  not  reported 
more  than  10  voles  per  acre;  thus  it  appears 
that  meadow  voles  do  not  reach  high  densities 
in  this  area. 


Muskrat    (Ondatra  zibethica) . — Probably 
all  the  lakes  and  streams  in  the  McCormick 
Forest  support  muskrats.   Nowhere  are  they 
abundant,  however,  probably  because  there 
are  no  extensive  marshes  or  shallows  with 
rich  emergent  vegetation  that  muskrats  thrive 
on.   Tracks,  droppings,  or  muskrats  themselves 
were  seen  on  Bulldog,  White  Deer,  Round, 
Margaret,  Groves,  Island,  and  Baraga  Lakes. 
Laundre  (1974)  and  Manville  (1942)  both  con- 
cluded that  the  muskrat  is  common  in  the  Huron 
Mountains  but  not  abundant.   The  same  can  be 
said  for  the  McCormick  Forest. 


Meadow  jumping  mouse    (Zapus  hudsonius) 
and  woodland  jumping  mouse    (Napeozapus 
insignis) . — Five  meadow  jumping  mice  were 
found  during  the  study.   Two  were  trapped 
in  pitfalls  in  the  hardwood-white  pine  area, 
one  was  trapped  in  live-traps  in  the  birch- 
aspen  area,  and  two  juveniles  were  caught 
by  hand  near  Lower  Baraga  Lake.   A  jumping 
mouse  of  undetermined  species  was  seen  near 
Groves  Lake,  and  a  woodland  jumping  mouse, 
identifiable  by  its  white-tipped  tail,  was 
seen  near  Summit  Lake.   Densities  of  both 
species  are  probably  less  than  one  mouse 
per  acre.   Manville  (1949)  and  Laundre 
(1974)  also  found  low  densities  of  jumping 
mice  in  the  Huron  Mountain  area  and  Ozoga 
and  Verme  (1968)  found  very  low  populations 
of  both  species  in  swamps  in  east-central 
Upper  Michigan.   Nofz  (1972)  found  similar 
low  densities  of  woodland  jumping  mice  in 
the  Keweenaw  Peninsula  but  somewhat  higher 
densities  of  meadow  jumping  mice.   Although 
he  gave  no  estimate  of  population  density, 
Nofz'  catch  per  unit  effort  and  relative 
density  (15  percent  of  the  small  mammals 


captured  in  swamp  habitats)  indicate  popu- 
lations several  times  denser  than  those 
in  northern  Marquette  County  and  east-central 
Upper  Michigan.   Such  differences,  however, 
could  be  accounted  for  by  annual  variations 
in  numbers. 

Porcupine    (Erethizon  dorsatum) . — Casual 
observations  indicate  that  porcupines  in 
northwestern  Marquette  County  have  declined 
in  the  past  20  years  and  are  no  longer  com- 
mon.  In  the  McCormick  Forest  only  three 
porcupines  were  seen  in  the  2  years  of  this 
study.   Although  hemlock  groves  were  searched 
carefully  in  the  winter,  no  signs  of  por- 
cupine could  be  found,  and  not  a  single 
track  was  seen  in  69  miles  of  walking. 
Manville  (1942)  saw  20  porcupines  in  31  days 
afield  in  summer  of  1942  in  the  Huron  Moun- 
tains, and  in  1939,  36  porcupines  were  killed 
along  Cedar  Creek  near  the  Huron  Mountains. 
Laundre  (1974)  found  porcupine  populations 
to  be  sparse  in  the  Huron  Mountains,   whether 
or  not  the  decline  in  porcupines  is  related 
to  the  re-establishment  of  the  fisher,  which 
preys  upon  them,  can  only  be  speculated. 

Lagomorpha 

Snowshoe  hare    (Lepus  americanus) . — 
Snowshoe  hares  were  abundant  on  the  McCormick 
Forest.   Fifteen  animals  were  seen,  and  their 
tracks  could  be  found  in  winter  in  nearly  all 
areas  where  coniferous  trees  were  growing.   A 
winter  track  count  kept  during  51  miles  of 
walking  in  a  typical  assortment  of  habitats 
yielded  an  index  of  1.0  snowshoe  hare  tracks 
per-10-miles  per-hour-since-snowfall.   On 
January  30,  1973,  a  walk  of  5.5  miles  in  good 
snowshoe  hare  habitat  along  the  south  border 
of  the  Forest  crossed  308  hare  tracks  laid 
down  in  the  previous  48  hours  for  an  index  of 
11.3  tracks  per-10-miles  per-hour-since-snow- 
fall.   On  May  17,  1973,  an  observer0  saw  five 
hares  together  within  20  feet  of  him  near 
the  bridge  on  the  McCormick  Road.   Snowshoe 
hares  are  considerably  more  abundant  on  the 
McCormick  Forest  than  in  the  Huron  Mountains 
(Laundre  1974).   Hares  are  subject  to  great 
fluctuations  in  populations  (Keith  1963) . 
To  what  extent  their  density  in  the  McCormick 
Forest  is  temporary  cannot  be  determined  with- 
out long-term  observations. 

Artiodaatyla 

White-tailed  deer   (Odocoileus  virginianus) .- 
Deer  are  common  in  the  McCormick  Forest  from  May 
through  November.   They  apparently  winter  near 


James  Haveman. 
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Lake  Superior  8  to  18  miles  to  the  north,  possibly 
in  the  Huron  Mountain  area  (Westover  1971). 
During  the  winter  of  1972-73  the  last  deer  track 
on  the  McCormick  Forest  was  found  on  January  23 
and  the  first  returning  tracks  were  seen  on  April 
24.   On  that  date  tracks  of  about  30  deer  were 
seen  along  Baraga  Lakes  trail  and  crossing  the 
McCormick  Road.   About  95  percent  of  these  were 
headed  south,  probably  migrating  from  winter 
yards  in  the  north. 

We  saw  44  deer  during  72  trips  to  the  study 
area,  an  average  of  0.61  deer  per  trip.   These 
44  deer  were  in  31  groups  of  1  to  4  animals,  so 
the  probability  of  seeing  a  deer  on  a  trip  to 
the  study  area  was  0.43.   On  County  Road  607 
between  highway  U.S.  41  and  the  McCormick 
Forest,  nine  deer  were  seen. 

In  the  1972  deer-hunting  season  an  8- 
point  buck  was  shot  on  opening  day  in  the 
southwest  part  of  the  Forest  and  several 
bucks  were  reportedly  taken  along  the  north- 
ern boundary  (Robinson  1973).   Ryel  et  al. 
(1972)  estimated,  on  the  basis  of  pellet 
counts,  an  average  of  about  six  deer  per 
square  mile  in  the  Lake  Superior  Watershed 
in  1972.   Laundre  (1974)  made  extensive  pel- 
let counts  in  the  Huron  Mountains  in  the 
spring  of  1974  and  estimated  a  deer  popula- 
tion there  of  74  deer  per  square  mile  in 
the  winter  yard.   Because  of  relatively 
mild  winters  since  1969,  the  deer  popula- 
tion appears  to  be  increasing  somewhat. 

Man    (Homo  sapiens) . — Although  evidence 
of  man's  former  presence  in  the  McCormick 
Forest  is  abundant  in  the  form  of  old  roads, 
dams,  and  cut  stumps,  people  were  encount- 
ered less  frequently  than  deer  and  beaver. 
Since  1970  it  has  been  illegal  to  drive  any 
wheeled  vehicle  past  the  gate  off  County 
Road  607,  and  overnight  camping  has  been 
prohibited.   In  28  trips  in  1972,  9  auto- 
mobiles other  than  our  own  were  seen  parked 
at  the  gate  and  in  1973  only  4  were  seen 
there  in  44  trips.   A  total  of  15  visitors, 
excluding  research  and  management  personnel, 
were  encountered  during  the  2  summers.   Only 
three  instances  of  illegal  overnight  camping 
were  found.   On  November  15,  1972,  the 
opening  of  deer-hunting  season,  six  people 
legally  camped  at  the  gate.   Human  use  may 
be  more  frequent  in  winter.   On  the  weekend 
of  February  24,  1973,  an  observer  reported 
that  24  people  in  small  groups  had  snowshoed 
and  skied  to  and  from  the  lodge  at  White 
Deer  Lake. 


On  summer  nights  all  sounds  of  human 
origin  other  than  our  own  were  noted.   In 


21  hours  of  listening  and  canoeing  only  three 
airplanes  and  two  trucks  could  be  heard  for 
an  average  of  less  than  one  machine  sound  per 
4  hours.   On  July  28,  1972,  and  January  3, 
1973,  when  the  air  was  somewhat  stagnant, 
the  odor  of  iron  ore  pelletizing  was  noted. 
The  source  was  probably  the  operations  at 
Humboldt  or  Republic  12  to  18  miles  to  the 
southeast. 


Other  Mammals  Possibly  Present 

Some  species  of  mammals  besides  those 
discussed  may  be  present  on  the  McCormick 
Forest  because  they  are  present  in  the  Upper 
Peninsula,  but  for  various  reasons  were  not 
seen  or  identified  on  the  study  area. 

Opossum    (Didelphis  marsupialis) . — This 
mammal  is  extending  its  range  northward. 
Only  two  reports  are  known  from  the  UP,  one 
from  Iron  County,  60  miles  southwest  of  the 
McCormick  Forest,  and  one  from  Gogebic 
County,  100  miles  southwest  (Ozoga  and 
Gaertner  1963) .   The  oppossum  is  probably  not 
present  on  the  McCormick  Forest. 

Star-nosed  mole    (Condvlura  cristata) . — 
This  mole  is  found  in  the  Huron  Mountain  Club 
(six  specimens,  Laundre  1974);  9  miles  north- 
east of  McCormick  Forest,  and  is  probably 
present  in  the  McCormick  Forest. 

Keen  bat    (Mvotis  keenii) . — Specimens 
of  this  uncommon  bat  have  been  collected 
from  Baraga  and  Marquette  Counties  accord- 
ing to  University  of  Michigan  Museum  of 
Zoology  Records  and  in  the  Keweenaw  Penin- 
sula (Stones  and  Fritz  1969).   It  is  prob- 
ably present  on  the  McCormick  Forest. 

Silver-haired  bat    (Lasionycteris 
noctivagans) . — Manville  (1942)  reported 
seeing  a  silver-haired  bat  in  the  Huron 
Mountain  Club  although  Laundre  (1974) 
found  none  in  that  area.   Stones  and 
Holyoak  (1970)  collected  one  in  1970  in 
northern  Houghton  County.   It  may  be  pres- 
ent but  rare  in  the  McCormick  Forest. 

Big-brown  bat    (Eptesicus  fuscus) . — 
This  bat  was  seen  by  Manville  (1942)  but 
not  by  Laundre  (1974)  in  the  Huron  Mountain 
Club.   Stones  and  Fritz  (1969)  found  this 
species  in  mines  in  the  Keweenaw  Peninsula. 
It  is  probably  present  in  the  McCormick 
Forest. 

Red  bat    (Lasiurus  borealis) . — It  is 
likely  that  this  species  is  present  on  the 
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:Cormick  Forest  although  neither  Manville 
L942)  nor  Laundre  (1974)  found  it  on  the 
iron  Mountain  Club.   The  University  of 
Lchigan  Museum  has  specimens  from  Chippewa 
id  Gogebic  Counties.   Nichols  and  Stones 
L971)  reported  it  on  Isle  Royale. 

Hoary  bat    (Lasiurus  cinereus). — Neither 
inville  (1942)  nor  Laundre  (1974)  found 
lis  bat  in  the  Huron  Mountain  area.   Speci- 
sns  in  the  University  of  Michigan  Museum 
lclude  one  from  Gogebic  County  (1920)  and 
ro  from  Keweenaw  County  (1948) .  Its  status 
i  the  McCormick  Forest  is  unknown. 

Marten    (Martes  americana) . — The  marten 
is  extinct  from  about  1920  until  99  were 
ileased  in  1969  and  1970  about  60  miles 
iutheast  of  McCormick  Forest.   Laundre  (1974) 
iw  one  on  Huron  Mountain  Club  in  July  1973  10 
.les  north  of  McCormick  Forest,  but  no  other 
larby  reports  of  specimens  have  been  made. 

Striped  skunk    (Mephitis  mephitis) . — 
lis  animal  is  common  near  civilized  and  agri- 
iltural  areas  of  the  UP.   There  may  be  only  an 
:casional  individual  in  the  McCormick  Forest. 

Badger    (Taxidea  taxus)  .--The,  badger  is  rare 
i  most  of  the  UP.   Manville  (1942)  reported 
.gns  of  one  in  Huron  Mountains  and  Long  (1972) 
:amined  a  specimen  collected  near  Sands  in  cen- 
'al  Marquette  County.   It  is  probably  not  pres- 
it  in  the  McCormick  Forest. 

Gray  fox    (Urocvon  cinereoargenteus) . — 
tundre  (1974)  reported  seeing  a  gray  fox  in 
le  Huron  Mountain  Club  and  several  specimens 
ive  been  taken  from  Central  UP  (Ozoga  and 
>rme  1966) .   An  occasional  individual  may  be 
"esent. 

Lynx  (Lynx  canadensis) . — Harger  (1965) 
sports  possible  resurgence  of  this  species 
ti  the  UP  with  12  specimens  taken  in  1962. 

lynx  was  killed  near  Negaunee  in  June  1972, 
D  miles  east  of  the  McCormick  Forest, 
ccasional  individuals  may  be  present. 

Domestic  cat    (Felis  domesticus) . — 
lundre  (1974)  reported  seeing  a  feral 
>use  cat  in  the  Huron  Mountain  area  and 
l  emaciated  cat  was  found  on  the  Yellow 
)g  Plains,  3  miles  north  of  the  McCormick 
>rest  in  fall  of  1972. 9   It  is  not  likely 
lat  the  domestic  cat  could  survive  in  the 
:Cormick  Forest. 

Thirteen- lined  ground  squirrel 
ipermophilus  tridecem-lineatus) . — One  was 


captured  by  us  by  hand  8  miles  south  of  the 
McCormick  Forest  in  July  1972.   Has  also 
been  reported  from  Big  Bay  and  the  Huron 
Mountain  area  (Phillips  and  Robinson  1969, 
Laundre  1974) .   Because  of  lack  of  grass- 
land habitat  it  is  probably  absent  from 
the  McCormick  Forest. 

Gray  squirrel    (Sciurus  carolinensis) . — 
The  reason  for  the  absence  of  this  species 
in  the  McCormick  Forest  is  a  mystery.   None 
were  seen  and  no  nests,  gnawings,  or  tracks 
were  found  despite  careful  search  and  the 
presence  of  several  large  mature  oak  stands 
and  good  acorn  crops.   I  have  seen  gray 
squirrels  near  Big  Bay,  and  on  the  Yellow 
Dog  Plains,  5  miles  northeast  of  the 
McCormick  Forest  (October  1973)  along  U.S. 
41,  7  miles  south  of  the  McCormick  Forest, 
and  near  Skanee,  12  miles  northwest  of 
the  McCormick  Forest.   Nofz  (1972)  reported 
them  from  Keweenaw  County.   Because  the  gray 
squirrel  has  been  slowly  spreading  its 
range  northward,  it  is  possible  that  all  gaps 
in  its  range  have  not  been  filled  in  yet  and 
the  McCormick  Forest  may  be  one  such  gap. 

Southern  flying  squirrel    (Glaucomys 
volans) . — Two  specimens  were  recently  cap- 
tured by  James  Haveman  in  central  Marquette 
County,  the  farthest  north  this  species  has 
been  reported.    It  is  not  likely  that  it 
has  reached  the  McCormick  Forest. 

Norway  rat    (Rattus  norveeicus) . — 
Manville  (1942)  reported  the  rat  at  the 
Huron  Mountain  Club  prior  to  1906  and  Laundre 
(1974)  mentioned  possible  rats  there  in  the 
late  1960's,  but  none  in  the  early  1970's. 
Nofz  (1972)  reported  this  species  in  wild 
lands  in  the  Keweenaw  Peninsula.   It  can  be 
found  in  cities  in  the  UP.   It  is  unlikely, 
however,  that  rats  occur  on  the  McCormick 
Forest. 

House  mouse    (Mus  musculus) . — Manville 
(1942)  captured  four  house  mice  in  the  Huron 
Mountain  area  but  Laundre  (1974)  found  no 
evidence  of  them  there  in  the  early  1970' s. 
It  is  probably  absent  on  the  McCormick 
Forest . 

Cottontail  rabbit    (Sylvilagus  f loridanus) , 
In  northern  Upper  Michigan  the  cottontail  is 
associated  only  with  civilization.   Isolated 
populations  exist  in  the  cities  with  practi- 
cally no  rabbits  found  in  wooded  areas  between, 


By  Fred  Rydholm,    1972. 


J.    Haveman  and  W.   L.   Robinson. 
Occurrence  of  the  southern  flying  squirrel 
in  Upper  Michigan.     Jack  Pine  Warbler. 
(In  press. ) 
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No  evidence  of  cottontails  was  found  in  the 
McCormick  Forest  and  it  is  unlikely  that  they 
are  present  there.   Manville  (1942)  reported 
them  in  the  Huron  Mountain  Club  but  Laundre 
(1974)  reported  only  possible  recent  sightings 
and  believes  the  cottontail  to  be  absent  from 
that  area  as  well. 

Moose    (A1  res  a_l£e_s)  . — No  sign  of  moose 
was  found  during  this  study.   This  animal 
formerly  ranged  throughout  the  UP.   It  is 
still  present  in  low  numbers.   In  the  winter 
of  1968-69  tracks  and  droppings  of  a  moose 
were  found  on  the  Yellow  Dog  Plains  about  3 
miles  northeast  of  the  McCormick  Forest.   In 
May  1972  a  3-year-old  bull  was  found  dead  8 
miles  west  of  the  McCormick  Forest  and  autop- 
sied  by  Department  of  Natural  Resources 
biologists.   In  July  1973  a  cow  was  seen  by 
a  DNR  employee  near  Craig  Lake  about  7  miles 
west  of  the  study  area.   It  is  likely  that 
an  occasional  moose  wanders  through  the 
McCormick  Forest. 

It  is  likely  that  the  present  populations 
of  birds  and  mammals  of  the  McCormick  Forest 
are  similar  to  those  found  throughout  most  of 
the  1,000-square-mile  area  that  lies  north  of 
U.S.  Highway  41  between  Marquette  and  L'Anse. 
Future  changes  may  occur,  however,  as  the 
human  population  expands,  and  invasion  of 
wild  areas  by  people  increases.   Natural  suc- 
cession may  also  play  a  role  in  changing  the 
biological  communities  present.   Future  studies 
may  reveal  the  nature  and  extent  of  these 
changes. 
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AMPHIBIANS  AND  REPTILES 


Kirwin  Werner,  Assistant  Professor 

Department  of  Biology 

Northern  Michigan  University 

Marquette,   Michigan 


ABSTRACT. — During  the  spring  and  summer  of  1972  and  1973, 
a  herpetological  survey  was  conducted  in  the  Cyrus  H. 
McCormick  Experimental  Forest  in  Marquette  and  Baraga 
Counties,  Michigan.   Eleven  amphibian  and  5  reptile 
species  were  found.   The  16  species  represent  62 
percent  of  the  known  herptofauna  of  the  area.   During 
the  summer  of  1973  population  estimates  were  made  on 
common  amphibians  that  inhabited  a  bog,  stream,  woods, 
and  marsh-pond  habitat.   The  estimates  were  converted  to 
biomass  per  hectare.   About  twice  as  much  amphibian 
biomass  was  found  in  the  bog  (43,257  grams)  as  in  the 
pond  (26,323  grams)  and  three  and  a  half  times  as  much 
in  the  bog  as  in  the  stream  (12,164  grams).   The  hard- 
woods were  the  least  productive  accounting  for  730  grams 
per  hectare. 


Amphibians  and  reptiles  are  among  the 
least  known,  the  least  studied,  and  the 
least  abundant  vertebrate  fauna  of  the  Upper 
Peninsula  of  Michigan.   Since  the  early 
surveys  of  Ruthven  et  at.    (1928),  fewer  than 
six  published  articles  have  dealt  exclusively 
with  Upper  Peninsula  herptofauna.   Only  two 
references  (Manville  1948,  Johnson  ),  include 
locality  records  in  the  vicinity  of  the 
McCormick  Forest  in  western  Marquette  and 
eastern  Baraga  Counties.   These  authors  list 
16  species  of  amphibians  and  10  species  of 
reptiles  for  the  central  Upper  Peninsula  in 
which  the  McCormick  Forest  is  located.   Range 
maps  by  Conant  (1958)  indicate  that  about 
half  of  these  species  extend  no  further  north 
than  Lake  Superior,  just  15  miles  from  the 
McCormick  Forest. 

During  1972-73,  a  herpetological  survey 
was  undertaken  as  part  of  a  general  inven- 
tory of  vertebrate  fauna  of  the  McCormick 
Forest  (Werner  1973,  Robinson  1973).   Be- 
cause the  forest  had  not  been  previously 
surveyed,  new  locality  records  were  es- 
tablished for  all  species  found  and  infor- 
mation was  collected  on  the  distribution 
and  abundance  of  each  species.   In  1973, 
the  studies  were  expanded  to  estimate 


Wendel  John  Wagner  Johnson.      A 
Zoogeographical  analysis  of  the  herptofauna 
in  northern  Michigan  and  adjacent  Isle  Roy  ale. 
90  p.      Unpublished  M.S.    Thesis,   Mich.    State 
Univ.    1965. 


population  densities  and  standing  crop 
figures  for  the  common  amphibian  species, 


MATERIALS  AND  METHODS 

During  the  spring  and  summer  of  1972 
and  1973,  my  student  assistants  and  I  sur- 
veyed the  Forest  (described  by  Robinson, 
Part  I,  this  report)  on  foot  or  by  canoe. 
Amphibians  and  reptiles  were  captured  by 
various  techniques  including  open  pitfalls, 
minnow  traps,  seines  dip  nets,  and  hand. 

From  early  May  through  June  of  1973, 
four  areas  were  selected  for  intensive  study 
based  on  the  presence  of  known  populations. 
The  four  areas  are  as  follows.   (1.)  The 
bog  site  (mh.   of  NW\,  Sec  11,  T49N,  R30W; 
fig.  1)  consisted  of  0.18  hectare  of  north- 
ern bog.   About  two-thirds  of  the  area  was 
covered  by  15  to  30  cm  of  standing  water; 
the  remaining  area  was  matted  with  Sphagnum 
moss,  pitcher  plants  (Sarracenia  purpurea), 
sweet  gale  (Myrica  gale),    leatherleaf 
(Chamaedaphne  calyculata)  ,  cranberry 
(Vaccinium   sp.),  and  other  bog  plants.   The 
site  was  bounded  on  the  east  by  a  high  rock 
ledge  and  on  two  sides  by  stands  of  tamarack 
(Larix  laricina) ,    tag  alder  (Alnus  rugosa) , 
and  leatherleaf.   The  northern  end  was  open 
to  a  larger  bog  area. 

(2.)  The  pond  site  (SE^  of  NE*s,  Sec  10, 
T49N,  R30W;  fig.  1)  consisted  of  0.21  hec- 
tare of  pond-marsh  habitat  in  which  various 
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unidentified  grasses  and  sedges  predominated 
ilthough  a  few  bog  plants  such  as  leatherleaf 
ind  sweet  gale  were  also  present.   At  the 
beginning  of  the  study  period,  about  half 
)f  the  area  was  under  8  to  46  cm  of  water 
fhich  receded  to  cover  less  than  one-eighth 
it   the  area  at  the  end  of  the  period.   The 
site  was  bounded  on  all  four  sides  by  steep 
rock  cliffs  or  forested  hills,  except  where 
i  stream  entered  and  departed  through  narrow 
japs  in  the  rock. 


square-meter  plots  was  layed  out  at  10-meter 
intervals  on  a  fixed  grid  and  analyzed 
layer  by  layer  down  to  and  including  the 
A2  soil  horizon.   The  second  method,  re- 
ferred to  as  the  suitable  habitat  method, 
was  based  on  the  assumption  that  the  major- 
ity of  individuals  in  any  one  area  are 
found  in  or  under  decaying  logs.   The 
assumption  was  based  on  extensive  field 
work  in  the  area  and  supported  by  Heatwole 
for  northern  hardwood  regions. 


(3.)  The  stream  site  (SE*s  of  NW^,  Sec  10, 
:49N,  R30W;  fig.  1)  consisted  of  95  m  of 
stream,  which  varied  from  0.61  to  1.83  m  in 
ridth  and  from  5  to  46  cm  in  depth.   Gravel 
md  scattered  boulders  lined  the  streambed 
:xcept  for  back  eddies  of  loose  silt.   The 
?ater  was  generally  fast  moving,  dropping 
ibout  6  m  in  the  95  m  of  stream.   The  grid 
site  extended  into  the  forest  3  m  on  each 
side,  thus,  the  stream  grid  encompassed  0.11 
lectares. 


(4.)  The  woods  site  incorporated  three 
leparate  plots  in  mixed  hardwoods.   The 
[ominant  canopy  trees  in  one  plot  (NW^z,  of 
Wk,    Sec  11,  T49N,  R30W;  fig.  1)  were  white 
ine  (Pinus  strobus)    and  hemlock  {Tsuga 
anadensis) .   In  the  second  and  third  plots 
SE^i  of  NE%,  Sec  30,  T50N,  R29W)  sugar  maple 
Acer  saocharum)    and  yellow  birch  (Betula 
lleghaniensis)   predominated. 


The  bog,  pond,  and  stream  sites  were 
;ridded  into  10-by  10-ft  (3.03-by  3.03-m) 
ilots  using  12-gauge  wire  and  small  colored 
ilastic  markers.   The  grids  were  sampled  a 
linimum  of  six  times  at  about  3-day  inter- 
rals  (2  to  4  days) .   During  each  sampling 
ieriod,  two  groups  of  students  of  three  to 
our  individuals  each,  spent  about  3  hours 
:arefully  searching  the  entire  grid  in  an 
irderly  sequence.   All  animals  captured 
either  by  hand  or  nets)  were  toe-clipped, 
leasured  (body  length,  head  width),  sexed 
!when  possible),  and  released.   About  75 
iercent  of  the  sampling  was  done  at  night 
ising  headlamps.   Populations  were  esti- 
lated  by  the  Schumacher  method  (DeLury 
.958)  or  as  otherwise  indicated. 

The  only  amphibian  found  with  regu- 
.arity  in  the  hardwood  areas  was  the  red- 
iacked  salamander  (Plethodon  oinereus) . 
lecause  mark  and  recapture  techniques  are 
lot  successful  with  this  amphibian,  two 
ilternative  methods  of  sampling  were  used 
ind  the  results  averaged.   In  the  first 
lethod  (Heatwole  1962)  a  total  of  30 


In  the  suitable  habitat  method,  1 
square  meter  of  log  (diameter  x  appropriate 
length)  from  each  of  10  randomly  selected 
logs  in  the  grid  was  examined  carefully 
piece  by  piece  and  a  frequency  index  es- 
tablished based  on  the  average  number  of 
salamanders  per  volume  of  log.   The  volume 
of  the  log  rather  than  its  area  was  chosen 
for  final  analysis  because  it  was  more  in- 
dicative of  the  amount  of  habitat  examined. 
To  calculate  volume,  the  diameter  and  length 
measurements  of  the  square  meter  were  con- 
sidered as  delineating  a  cylinder  whose  vol- 
ume was  determined  by  the  formula  t\p  h,   where 
r   is  the  radius  and  h   the  length.   Following 
establishment  of  a  frequency  index,  a  straight 
line  of  91  m  (300  feet)  was  then  laid  out  by 
compass  through  the  grid  and  the  number  and 
volume  of  suitable  logs  1  m  on  each  side  of 
the  line  was  recorded.   From  the  total  area 
canvassed  and  the  frequency  index,  the  total 
number  of  salamanders  per  hectare  was  esti- 
mated. 

Biomass  figures  were  derived  by  con- 
structing a  weight-length  curve  for  each 
species  from  measurements  made  in  the  field 
on  10  to  50  live  individuals.   The  values 
were  converted  to  log  values  and  plotted 
on  graph  paper,  yielding  approximate  straight 
lines,  whose  equations  were  determined  by 
the  method  of  least  squares  (table  1).   The 
equations  were  used  to  convert  all  individual 
measurements  to  biomass. 


RESULTS 

Survey 

The  species  encountered,  their  density 
index,  general  habitat  types,  and  locality 
records  are  summarized  in  table  2.   Two 
snakes  (ring-necked  (Diadophis  punctatus) , 
and  red-bellied  (Storeria  ooaipitomaculata)) , 
and  one  salamander,  the  four-toed  salamander 
{Hemidaotylium  soutatum) ,  were  found  only 
once  and  are  considered  rare. 
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Table  1. — Regression  equations  of  body  weight   (y)   on  body 
length   (x)  for  amphibian  species  found  in  the  McCormiok 
Forest. 


Species 

N 

Equation 

R. 

aatesbiana 

13 

log  Ye  =  -4.149  +  2.89  logx 

P. 

al ami  tans 

58 

log  Ye  =  -4.147  +  2.88  logx 

R. 

septentrionalis 

36 

log  Ye  =  -5.339  +  3.20  logx 

P. 

pipiens 

34 

log  Ye  =  -4.150  +  2.84  logx 

P. 

sylvatiaa 

27 

log  Ye  =  -4.637  +  2.52  logx 

H. 

oruaifer 

26 

log  Ye  =  -4.485  +  2.41  logx 

B. 

amemaanus 

35 

log  Ye  =  -5.854  +  3.07  logx 

P. 

arnereus 

44 

log  Ye  =  -4.201  +  2.58  logx 

Table  2. — Summary  of  amphibian  and  reptile  survey  of  the  McCormiok 

Forest,    1972-73. 


Frequency 

Number  of  section 

Species 

index  ■*■ 

Habitat 

where  found 

Caudata 

Plethodon  ainereus 

Common 

Wooded  uplands 

1,  2,  3,  10,  19,  22, 

(Red-backed  salamander) 

23,  30,  32 

Hemidactylium  scutatum 

Rare 

Bog 

15 

(Four-toed  salamander) 

Ambystoma  laterale 

Few 

Ponds,  bog, 

2,  3,    11,  22,  32 

(Blue-spotted  salamander) 

marsh 

Notophthalmus  viridescens 

Few 

Lakes 

1»  1±>   31,  35 

(Central  newt) 

Anura 

Bufo  americanus 

Common 

Wooded  uplands, 

1,  2,  3,  7,  10,  11, 

(American  toad) 

lakes,  marshes, 
ponds,  bogs 
streams 

12,  22,  23,  26,  34 

Rana  clamitans 

Common 

Lakes,  ponds, 

1,  2,  3,  7,  10,  11, 

(Green  frog) 

marsh,  bogs, 

12,  22,  23,  27,  32, 

streams 

34,  35,  36 

Rana  pipiens 

Common 

Lakes,  marsh, 

1,  2,  3,  7,  10,  11, 

(Leopard  frog) 

ponds,  bogs 

12,  19,  22,  26,  27,  35 

Rana  aatesbiana 

Frequent 

Lakes,  bogs, 

1,  3,  10,  11,  35 

(Bullfrog) 

marsh 

Rana  sylvatica 

Frequent 

Wooded  uplands, 

2,  3,  10,  11,  19,  23, 

(Wood  frog) 

streams,  ponds, 
bogs,  marsh 

23,  .30,  32,  35 

Rana  septentrionalis 

Frequent 

Lakes,  bog 

1,  10,  11,  35 

(Mink  frog) 

marsh,  pond 

Hyla  crucifer 

Frequent 

Lakes,  bog, 

3,  10,  11,  32,  34,  35 

(Spring  peeper) 

marsh,  pond, 
stream,  wooded 
uplands 

Chelonia 

Chrysemys  picta 

Few 

Ponds,  lakes 

1 

(Painted  turtle) 

Chelydra  serpentina 

Few 

Lakes,  ponds, 

1,  3,  26 

(Snapping  turtle) 

marshes 

Serpentes 

Tharrmophis  sirtalis 

Frequent 

Lakes,  ponds, 

1_,  2,  1?_>  !5 

(Eastern  garter  snake) 

marshes 

Storeria  occipitomaculata 

Rare 

Wooded  uplands 

15 

(Red-bellied  snake) 

Diadophis  punctatus 

Rare 

Wooded  uplands 

10 

(Ring-necked  snake) 

■'-Rare — seen  less  than  25  percent  of  the  time  (less  than  one  sighting  for  every  four  trips)  ; 
few — seen  at  least  25  percent  of  the  time;  frequent — seen  at  least  50  percent  of  the  time;  common- 
seen  100  percent  of  the  time. 

^See  location  of  sections  on  figure  1.   Underlined  numbers  indicate  that  the  specimens  were 
collected  there.   Nonunderlined  numbers  indicate  that  the  animal  was  sighted  only. 
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Most  of  the  frog  species  were  commonly 
>und  during  the  spring-early  summer  breed- 
lg  season  but  tended  to  become  scarce  as 
le  season  progressed.   The  exceptions  were 
le  leopard  frog  (Fiona  pipiens) ,  green  frog 
\ana  clamitans) ,  and  American  toad  (Bufo 
■\ericanus) ,   which  were  common  throughout 
>st  of  the  summer. 

Among  Urodeles,  the  red-backed  sala- 
inder  (Plethodon  ainereus)    and  the  blue- 
jot  ted  salamander  (Amby stoma   laterale) 
;re  found  in  forested  areas,  the  former 
jmmonly,  the  latter  uncommonly  near  ponds, 
>gs,  or  lakes.   Central  newts  (Notophthalmus 
'.ridescens)   were  found  together  throughout 
le  summer  in  localities  such  as  Baraga  Lake, 
llldog  Lake,  Clear  Lake,  and  Two-Hole  Bog. 

Only  a  few  painted  turtles  (Chrysemys 
lota)   and  snappers  (Chelydra  serpentina) 
;re  found.   Female  painted  turtles  were 
mnd  laying  eggs  near  the  shore  of  White 
;er  Lake  in  June  of  1972  and  1973. 

The  garter  snake  (Thamnophis  sirtalis) 
is  common  in  most  aquatic  habitats  es- 
jcially  during  the  spring-early  summer 
len  its  amphibian  prey  was  abundant. 

Five  additional  species,  the  spotted 
ilamander  (Ambystoma  maoulatum) ,  the  gray 
reefrog  (fly la  versicolor),    the  pickerel 
rog  (Rana  paulustris) ,  the  Blandings 
irtle  (Emydoidea  blandingi) ,  and  the  fox 
p  pine  snake  (Elaphe  vulpina) ,  probably 


inhabit  the  Forest  based  on  locality 
records  by  Manville  (1948)  and  Johnson  , 
but  were  not  found.   The  gray  treefrog  was 
collected  2h   miles  south  of  the  Forest  on 
June  20,  1974,  and  the  Blanding's  turtle 
has  been  seen  in  the  past,  several  miles 
north  of  the  Forest  . 

Population  Studies 

The  total  number  of  marked  and  recaptured 
animals  in  all  samplings  is  summarized  in 
table  3.   With  the  exception  of  the  American 
toad  and  the  spring  peeper,  the  third  or 
fourth  sampling  usually  resulted  in  recapture 
success  of  50  percent  or  better  allowing  for 
reasonable  estimates  and  confidence  limits 
(table  4). 

Population  estimates  of  the  spring  peeper 
and  the  American  toad  were  complicated  by  the 
fact  that  the  sampling  period  spanned  the  end 
of  the  breeding  period  of  both  species  in  the 
bog,  hence  emigrating  animals  were  counted. 
The  sampling  also  spanned  the  metamorphosing 
period  of  toads  in  the  pond  causing  new  addi- 
tions to  the  pond  population  to  be  counted. 
A  significant  emigration  and  immigration  rate 
or  both  violated  the  assumption  of  a  constant 
population  level  during  sampling,  which  is 
necessary  for  multiple  mark-recapture  methods, 
including  the  Schumacher.   Thus  the  population 
estimates  for  both  species  are  subject  to 
error. 


-By  Fred  Eydholm,   a  native  of  the  area. 


Table  3. — Mark-recapture  data  on  seven  amphibian  species  found  in 

the  McCormick  Forest 


Dace 

Bog 

Pond 

Stream 

6% 

(all 

during 

1973) 

i  / 

:    6^ 

.0- 

/     / 

*• 

V 

V      V 

:*■ 

f 

V 

V 

V 

:  <{.- 

V 

May  27 



0/131 

0/17     0/29 













May  28 

— 

— 

— 

0/9 

0/18 

0/38 

0/1 

0/28 

— 

— 

— 

May  29 

— 

— 

— 

— 

— 

— 

-- 

— 

0/4 

0/5 

0/3 

May  30 

0/4 

5/20 

10/60     7/43 

— 

-- 

— 

— 

-- 

-- 

— 

May  31 

— 

— 

— 

0/5 

2/5 

13/24 

0/6 

1/30 

— 

— 

— 

June  1 

— 

— 

— 

— 

— 

— 

— 

— 

5/10 

1/2 

0/10 

June  3 

4/5 

9/27 

3/8     13/43 

2/6 

4/8 

16/21 

1/34 

1/14 

— 

— 

— 

June  4 







— 

— 



— 

— 

1/) 

0/3 

1/11 

June  6 

3/3 

21/44 

4/4      1/2 

~ 

— 

— 

— 

— 

4/5 

1/3 

2/29 

June  7 

— 

— 

— 

5/10 

5/11 

22/30 

5/65 

4/7 

-- 

— 

— 

June  8 

— 



— 

— 

— 

— 

-- 

4/5 

Ill 

8/25 

June  9 

2/7 

21/42 

— 

— 

— 

— 

— 

— 

— 

— 

— 

June  11 

— 

— 

— 

9/11 

3/3 

18/22 

19/44 

L/4 

1/4 

1/3 

7/12 

June  12 

4/4 

15/20 









— 

— 

— 

— 

— 

June  13 

— 

— 

— 

— 



-- 

— 

— 

5/10 

1/3 

10/13 

June  14 

— 

— 

— 

3/3 

4/5 

16/21 

20/73 

2/10 

— 

— 

— 

June  16 

4/4 

— 





— 

— 

— 

2/3 

7/9 

9/10 

June  18 

— 

— 

— 

— 

— 

~ 

— 

— 

5/6 

2/4 

4/5 

1  First  number  Indicates  the  number  marked  in  the  sample,  the  second  number  sample  size. 
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Table  4. — Estimated  population  of  amphibians  in  four 

habitats 
(In  number  per  hectare) 


Species 

■      Bog     = 

Pond    : 

Stream   : 

Woods 

R. 

oatesbiana 

51 
(34-89) * 

— 

P. 

clamitans 

657 

358 

197 

— 

(516-898) 

(316-411) 

(144-251) 

R. 

septentrionalis 

39 

206 
(158-282) 

R. 

ptptens 

7  8 

148 
(114-200) 

— — 

R. 

sylvatiaa 

— 

38 

206 
(152-314) 

H. 

crucifer 

1157 
(943-1,494) 

1,478 

27 

P. 

amertcanus 

629 

1,751 

968 
(780-1,282) 

" 

P. 

cinereus 

— 

— 

838 

■^Figures  in  parenthesis  are  95  percent  confidence  limits  (0.05). 


In  the  bog,  the  leopard  frog  (i?.  pipiens) 
and  the  mink  frog  (R.    septentrionalis)   were 
found  only  occasionally  within  the  grid.   Pop- 
ulation estimates  of  these  two  species  based 
on  mark-recapture  were  not  possible  because 
of  the  small  number  captured;   instead  the 
population  was  estimated  to  be  the  total 
number  found  during  all  samplings.   The 
same  situation  prevailed  with  respect  to 
the  woodfrog  (R.    sylvatiaa)    in  the  pond. 

Bog 

Between  May  27  and  June  3,  1973,  the 
bog  habitat  was  dominated  by  three  species; 
the  spring  peeper,  (1,157  individuals  per 
hectare) ,  the  American  toad  (629  individuals 
per  hectare)  and  the  green  frog,  (657  indi- 
viduals per  hectare)  (table  4).   After  June, 


the  former  two  species  disappeared  from  the 
grid  and  bullfrogs  increased  in  number. 

A  total  of  10  bullfrogs  (R.    oatesbiana) 
were  marked  of  which  eight  were  recaptured. 
Bullfrogs  constituted  16  percent  of  the  total 
amphibian  biomass  (table  5) ,  although  their 
number  was  only  2  percent  of  the  total — a 
reflection  of  their  larger  size  and  weight. 

The  green  frog  (if.  clamitans)    far  out- 
numbered other  Rana   spp.,  not  only  in  the 
bog,  but  in  most  other  areas.   A  total  of 
90  individuals  were  marked,  of  which  26  were 
captured  once,  16  captured  twice,  and  3  cap- 
tured 3  or  more  times,  yielding  a  population 
estimate  of  657  per  hectare.   The  biomass 
contribution  of  the  green  frog  was  18,938 
grams  per  hectare,  44  percent  of  the  total. 


Table  5. — Amphibian  biomass  from  four  habitats 
(In  grams  per  hectare) 


Species 

Bog 

Pond 

Stream 

Woods 

R.    oatesbiana 

6,956 
(16)1 

— 

— 

— 

R.    clamitans 

18,938 

7,797 

3,312 

— 

(44) 

(29) 

(27) 

R.    septentrionalis 

504 
(1) 

2,045 
(8) 

__ 

— 

R.   pipiens 

772 
(2) 

1,860 
(7) 

— ■ 

— 

R.    sylvatiaa 

229 
(1) 

1,570 
(13) 

— 

H.    avuoifer 

2,125 

2,315 

15 

— 

(5) 

(9) 

(1) 

B.    americanus 

13,962 

12,076 

7,267 

— 

(32) 

(46) 

(60) 

P.    ainereus 

— ~ 





730 
(100) 

Total 

43,257 

26,323 

12,164 

730 

Figures  in  parenthesis  are  percent  of  total  biomass. 
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A  total  of  14  leopard  frogs  and  7  mink 
frogs  were  captured  in  the  bog  grid;  together 
they  made  up  3  percent  of  the  total  biomass. 

Pond 

The  pond  habitat  differed  from  the  bog 
in  the  absence  of  the  bullfrog  and  the  in- 
crease in  mink  and  leopard  frogs.   A  total 
of  25  leopard  frogs  were  marked,  13  of  which 
were  later  recaptured.   Of  the  more  secre- 
tive mink  frogs,  32  were  marked,  of  which 
10  were  recaptured.   The  biomass  contribu- 
tion of  both  species  was  nearly  identical 
(7  and  8  percent),  although  their  population 
densities  were  different;  206  per  hectare 
and  148  per  hectare  for  the  mink  and  leopard 
frogs,  respectively.   Dole  (1965)  found  311 
leopard  frogs  per  hectare  in  a  comparative 
study  in  Michigan's  Lower  Peninsula. 

The  two  most  common  amphibians  of  the 
pond  were  the  spring  peeper  and  the  American 
toad.   Unlike  those  in  the  bog,  however, 
toad  populations  in  the  pond  consisted  pri- 
narily  of  young  juveniles  and  recent  hatch- 
lings.   In  fact,  only  25  percent  (19  of  77) 
of  the  individuals  in  the  pond  were  adults, 
whereas  in  the  bog  all  of  the  population 
were  adults  (50  mm  or  greater  snout-vent 
length).   The  difference  in  age  also  reflects 
on  the  biomass,  i.e.,  the  population  density 
in  the  pond  was  almost  three  times  that  of 
the  bog,  but  the  biomass  was  actually  less, 
rhe  fact  that  the  spring  peeper  had  the  second 
highest  population  estimate  in  the  pond 
(1,478  per  hectare),  yet  contributed  only 
9  percent  of  the  total  biomass,  is  because 
of   its  small  size. 


The  predominant  ranid  in  the  pond  was 
again  the  green  frog;  66  were  marked  and 
40  were  recaptured,  yielding  358  individuals 
per  hectare.   Martof  (1956)  in  a  study  of 
jreen  frog  populations  near  Ann  Arbor,  Michigan, 
reported  229  individuals  per  hectare  during  a 
comparable  sampling  period.   Eight  wood  frogs 
were  captured  at  the  west  end  of  the  pond  near 
the  stream  and  are  thought  to  have  been  the 
remnants  of  a  breeding  congregation.   They 
contributed  1  percent  of  the  total  biomass 
(229  grams  per  hectare) . 

Stream 

In  the  stream  habitat,  green  and  wood 
frogs  were  about  equal  in  number  (200  indi- 
viduals per  hectare).   However,  the  biomass 
contribution  of  the  green  frog  was  more  than 
twice  that  of  the  wood  frog  (29  percent  and 
12  percent,  respectively).   The  green  frog 
population  along  the  stream  was  much  smaller 


than  the  467  per  hectare  stream  population 
studied  by  Martof  in  the  Ann  Arbor  region. 
At  no  time  were  other  ranid  species  encoun- 
tered along  the  stream,  although  a  few  spring 
peepers  were  captured  on  two  occasions. 

The  toad  population  along  the  stream 
was  about  half  adults  and  half  juveniles. 
The  population  estimate  of  968  individuals 
per  hectare  far  outnumbered  that  of  other 
amphibians. 

Woods 

In  the  hardwood  forests,  the  red-backed 
salamander  (Plethodon  ainereus)   was  the  only 
amphibian  found  in  measurable  quantities  al- 
though a  few  adult  and  juvenile  toads  as  well 
as  one  blue-spotted  salamander  (Amby stoma 
laterale)   were  found  in  site  No.  1.   The  two 
different  methods  of  estimating  P.    ainereus 
population  produced  similar  results.   In  site 
No.  1,  the  quadrat  method  yielded  665  indi- 
viduals per  hectare,  the  suitable  habitat 
method,  549  per  hectare;  in  site  No.  2,  the 
estimates  were  333  and  355  individuals  per 
hectare;  and  in  site  No.  3,  which  was  notably 
more  populated,  the  quadrat  method  yielded 
1,334  individuals  per  hectare,  and  the  suit- 
able habitat  method  1,792  individuals  per 
hectare.   The  data  averaged  838  individuals 
per  hectare  for  all  areas  and  all  methods 
and  amounted  to  730  grams  of  biomass  per 
hectare.   The  range  of  population  estimates 
for  the  red-backed  salamander  (333  to  1792 
individuals  per  hectare)  compares  with  90 
to  1000  individuals  per  hectare  found  by 
Heatwole  (1962)  in  several  wooded  habitats 
in  lower  Michigan.   Both  of  these  studies 
indicate  that  population  densities  of  the 
red-backed  salamander  are  quite  variable  from 
locality  to  locality. 

DISCUSSION 

The  Schumacher  method  assumes  that  the 
population  level  remains  constant  through- 
out the  sampling  period,  i.e.,  that  dilution 
and  mortality  are  negligible.   In  this  study, 
even  though  the  sampling  period  was  short 
(2^  weeks) ,  it  is  unreasonable  to  assume  that 
there  wasn't  some  dilution,  mortality,  or  both. 
The  question  is  whether  it  was  significant 
enough  to  invalidate  the  results. 

Two  statistical  tests  were  made  to  help 
assess  the  constancy  of  the  population  level. 
Leslie  Method  C  (1952)  indicated  no  signifi- 
cant dilution  (table  6).   Mortality  coeffi- 
cients (DeLury  1958)  were  calculated  (assum- 
ing no  dilution)  even  though  a  constant  in- 
terval between  sampling  periods  was  not 
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Table  6. — Chi-square  test  for  dilution     in  five  ranid 
populations  in  three  habitats 


Species 

Value 

Bog 

Pond 

Stream 

R.    aatesbiana 

X2 

10.27(10)17 

— 

— 

-0.152 

— 

— 

R.    alamitans 

x2 

14.17(10) 

14.07(10) 

17.53(28) 

u 

-0.178 

-0.234 

-0.017 

R.    septentvionalis 

X2 
V 

— 

4.08(10) 
0.424 

— 

R.   pipiens 

X2 

-- 

8.12(10) 
0.386 

— 

R.    sylvatioa 

X2 

V 

— 

— 

33.61(28) 

-0.141 

-1/  Leslie  (1952). 

^/Mortality  coefficient  (DeLury  1958). 

-2/  Figures  in  parenthesis  are  degrees  of  freedom. 


strictly  adherred  to.   (The  interval  between 
samplings  ranged  from  2  to  4  days  (table  2) 
averaging  about  3  days.)   The  coefficients 
were  either  negative  or  unreasonably  large 
(table  6)  indicating  that  mortality  was 
probably  not  a  factor  in  explaining  the 
present  results.   These  tests  were  not  made 
on  the  toad  and  spring  peeper  populations 
because,  as  previously  pointed  out,  substan- 
tial immigration  and  emigration  was  known  to 
have  occurred. 

Several  apparent  differences  between 
populations  were  evident:  both  the  American 
toad  and  spring  peeper  bred  earlier  in  the 
pond  than  in  the  bog.   This  is  possibly 
due  to  the  2  to  3°  C  lower  water  temperature 
recorded  during  each  sampling  period  in  the 
bog.   A  second  difference  between  bog  and 
pond  populations  of  the  American  toad  was 
that  after  breeding  no  adult  toads  could  be 
found  in  the  bog,  but  some  adults  were  always 
present  in  the  pond.   The  pond  area,  however, 
tended  to  dry  up  as  the  sampling  period 
ended,  creating  more  terrestrial  conditions, 
perhaps  encouraging  adults  to  remain  in  the 
area.   It  did  not  appear  that  any  toads  of 
the  stream  population  were  breeding.   No 
eggs,  tadpoles,  or  adults  in  amplexus  were 
found.   Most  likely,  toads  found  along  the 
stream  had  either  bred  earlier  in  nearby 
ponds  or  did  not  breed  at  all. 

The  population  data  correlated  with  those 
of  the  general  survey  of  the  Forest,  in  which 
numerous  bogs,  marshes,  streams,  and  lakeshore 
habitats  were  sampled.   The  green  frog  was  the 
most  common  ranid  found  and  the  mink  frog  was 
the  least  common.   The  bullfrog  displayed  the 
most  restricted  distribution,  inhabiting  pockets 
around  some,  but  not  all,  of  the  major  lakes  or 
open  bog  areas.   In  three  other  areas  where 


bullfrog  breeding  choruses  were  recorded  in  1! 
(Lower  Baraga,  White  Deer,  Bulldog  Lakes),  thr 
largest  number  of  individuals  counted,  based  < 
calls,  was  six. 

The  only  discrepancy  between  the  general 
survey  of  the  Forest  and  the  individual  hab- 
itat studies  was  that  the  former  revealed 
greater  numbers  of  leopard  and  mink  frogs, 
and  lesser  numbers  of  bullfrogs  in  the  bogs. 
However,  in  the  habitat  study  the  bog  grid 
was  located  in  only  one  part  of  a  larger 
bog  area,  where  both  leopard  and  mink  frogs 
were  more  abundant. 

In  comparing  all  four  habitats,  amphi- 
bian biomass  or  standing  crop  was  greatest 
in  the  bog.   On  a  hectare  basis  about  twice 
as  much  amphibian  biomass  was  found  in  the 
bog  (43,257  grams)  as  in  the  pond  (26,323) 
and  three  and  a  half  times  as  much  in  the 
bog  as  in  the  stream  (12,164  grams).   The 
hardwoods  were  the  least  productive  in 
amphibian  biomass,  accounting  for  only  730 
grams  per  hectare.   However,  the  fact  that 
large  percents  of  American  toad  and  spring 
peeper  populations  migrate  to  the  woods 
means  that  this  habitat  is  important  in 
analyzing  energetics,  especially  because 
toads  were  so  numerous. 

In  terms  of  both  biomass  and  numbers, 
the  American  toad  ranked  at  the  top  in  all 
environments  except  the  bog,  where  it  ranked 
second  only  to  the  green  frog;  however,  such 
a  ranking  applies  only  to  the  period  of  time 
in  which  the  toad  is  present  in  these  enviror 
ments.   A  factor  in  the  movement  of  energy 
and  nutrients  from  the  low-lying  pond  areas 
to  higher  elevations  in  the  hardwoods  is  the 
ability  and  tendency  of  populations  to  move 
out  of  breeding  areas. 
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Some  sampling  was  done  along  the  shores 
f  Lower  Baraga  Lake.   In  general,  the  lake- 
hore  populations  varied  little  either  in 
pecies  or  approximate  numbers  from  the  three 
quatic  habitats  examined  above.   The  type 
f  vegetation  that  bordered  the  lake  and  the 
eriod  of  time  sampled  were  the  two  most 
mportant  factors  that  influenced  sampling 
esults  along  the  lake. 

The  survey  revealed  the  presence  of  69 
ercent  (11  of  16)  of  the  amphibian  species 
nd  50  percent  (5  of  10)  of  the  reptile 
pecies  known  to  occur  in  the  central  Upper 
eninsula.   The  total  of  16  species  repre- 
ents  62  percent  of  the  herptofauna  of 
ichigan's  Upper  Peninsula. 
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EFFECTS  OF  CROWN  RELEASE  AND  FERTILIZER 
ON  SMALL  SAW  LOG-SIZED  YELLOW  BIRCH 

Gayne  G.  Erdmann,  Richard  M.  Godman,  and  Gilbert  A.  Mattson 


Sternitzke  (1974)  reported  that  yellow 
h  (Betula  alleghaniensis   Britton)  saw- 
er  removals  exceed  growth  and  that  the 
me  of  birch  growing  stock  declined  33 
ent  in  the  United  States  since  1963. 
e  factors,  combined  with  the  slow  growth 

of  birch  in  unmanaged  stands,  has 
ed  serious  shortages  in  saw  and  veneer 

required  by  industry.   The  quickest 
ovement  in  the  current  situation  can 
ably  be  made  by  increasing  growth  and 
me  production  on  potentially  high  value 
1  saw  log-sized  trees  in  such  stands. 

study  was  established  in  1971  to  test 
n  release  and  fertilizer  treatments 
d  at  doing  exactly  that. 

Forty-five  study  trees  were  selected 
a  65-year-old  even-aged  stand,  which 
ocated  on  the  Argonne  Experimental 
st  in  northeastern  Wisconsin.   Yellow 
h  comprised  about  46  percent  of  the 
trees  per  acre  that  were  2.6  inches 
h.  and  larger.*  This  proportion  is 

times  higher  than  was  commonly  found 
orthern  hardwood  types  of  the  Lake 
es  (Eyre  and  Zillgitt  1953).   The  stand 
102  saw  log-sized  trees  (9.6  inches 
h.  and  larger)  per  acre;  80  percent  of 
h  were  under  13.5  inches.   Saw  log- 
d  birch  trees  occupied  codominant  crown 
tions  and  ranged  from  8  to  22  feet 
ter  than  the  dominant  trees  largely  of 
r  species. 

Nine  groups  of  5  similar  trees  were 
cted  for  the  study,  making  a  total  of 
tudy  trees.  All  of  these  trees  were 
minants  and  well  spaced  apart.   The 

individual  trees  within  each  selected 


^■See  Appendix  I  for  percent  of  trees 
inches  d.b.h.   and  larger  by  basal  area 
ell  as  for  other  stand  conditions  before 
■.tments  were  applied  including  soil  and 
her  conditions. 


group  for  treatment  comparisons  were  well 
matched  as  to  breast  height  diameter  (d.b.h.), 
height,  stem  characteristics,  crown  size, 
and  density.2 

Five  treatments  were  randomly  applied 
to  one  of  the  five  individual  trees  within 
each  group.   These  treatments  were  four  in- 
tensities of  crown  release:   5-foot,  two-tree, 
single-tree,  no  release,  and  another  single- 
tree release  treatment  with  fertilizer  applied 
one  season  later.   This  provided  for  nine 
individual  tree  replications  of  each  of  the 
five  treatments. 

Before  leaf-out  in  early  May  1971,  all 
crown  release  thinning  was  done.   Only  the 
most  important  crown  competitor (s)  was  cut 
in  the  single-tree  and  two-tree  treatments. 
For  the  5-foot  treatment,  all  trees  whose 
crowns  were  within  5  feet  of  the  study  tree's 
crown  perimeter  were  cut.   This  involved 
cutting  from  5  to  11  trees  per  study  tree 
(average  was  8) .  About  50  percent  of  the 
cut  trees  were  important  competitors,  the 
remaining  were  less  important  intermediate 
or  suppressed  trees. 

The  next  spring,  9  of  the  18  single- 
tree released  trees  were  fertilized.   This 
was  done  be  broadcasting  N,  P,  and  K  fertil- 
izer using  a  cyclone  seeder  on  a  circular 
plot  (0.01  acre)  around  each  assigned  tree 
(11.78  foot  radius).3 

More  details  of  special  measurements 
taken  and  methods  used  are  given  in  Appen- 
dices II  and  III. 


2 Initial  overall  averages  for  the  45 
trees  were  as  follows:     height,    73  feet; 
crown  length3   31  feet;   crown  diameter,    20 
feet;  and  d.b.h. 3    10.4  inches   (range  8.7 
to  12.8  inches).     Only  one  of  the  five- 
tree  groups  was  under  (9.6  inches  d.b.h.). 

3 Each  nutrient  was  applied  at  100 
pounds  per  acre   (elemental  basis). 


DIAMETER  GROWTH  RESPONSE  TO  RELEASE 

Diameter  growth  of  all  saw  log-sized 
trees  gradually  increased  during  the  3-year 
period  following  crown  release.   The  amount 
of  growth  was  generally  related  to  the  degree 
of  release  (fig.  1).   However,  well-defined 


Figure  1. — Mean  cumulative  diameter  growth 
by  treatments  and  years  after  release. 
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trends  were  not  apparent  until  after  the 
second  growing  season  following  release; 
statistical  differences  in  annual  diameter 
growth  rate  did  not  become  significant  (0.05 
level)  until  after  the  third  growing  season. 
There  were  no  significant  differences  in 
growth  rate  between  the  control,  single-tree 
release,  and  the  single-tree  release  plus 
fertilizer  treatments.   During  the  3-year 
period,  trees  released  5-feet  beyond  the 
crown  perimeter  and  those  released  from  two 
competitors  outgrew  the  unreleased  trees  by 


42  percent  and  50  percent,  respectively,  ai 
shown  in  the  following  tabulation: 


Crown  release 


No  release  (control) 

Single-tree  plus  fertilizer 

Single-tree 

5-foot 

Two-tree 


Three-year  diamete 
growth 
(inches) 
0.35  a4 
0.37  ab 
0.41  abc 
0.45  be 
0.48  c 


Part  of  the  increase  in  diameter  gro\ 
was  probably  related  to  the  gradual  buildi 
in  crown  size  and  density  as  well  as  to  tl 
additional  growing  space.  Increases  in 
crown  width  and  effective  crown  area,  broi 
about  by  greater  lateral  branch  elongatioi  „ 
in  released  than  unreleased  trees,  appean [j  ,,t 
to  be  the  most  important  factors  in  crown  ,tj 
buildup.  mp 


Rtl 
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Change  in  foliage  density  was  not  as 
apparent  in  this  study  as  observed  in  pol 
size  trees  over  the  same  period  of  time 
(Erdmann  and  Peterson  1972)  .   The  vigorouil.' 
growth  of  epicormic  sprouts  that  quickly  .  - 
filled-in  the  crowns  of  released  pole-siz- 
trees  was  nearly  absent  in  these  small  sa 
logs.   Differences  in  crown  length  caused 
by  height  growth  and  retention  of  lower 
branches  did  not  appear  to  influence  dian^ 
growth  of  the  saw  log-sized  trees. 

BOLE  QUALITY 

Butt  logs  of  study  trees  were  graded 
(Hanks  1971) :   67  percent  of  the  selectee 
trees  qualified  as  grade  3  at  the  beginni 
of  the  study.   Only  11  percent  were  large 
enough  in  diameter  and  free  of  defects  tc 
be  assigned  grade  2.   The  remaining  trees 
were  below  minimum  size  for  any  tree  graci 
Merchantable  log  height  (to  a  variable  tc 
diameter  of  not  less  than  8.0  inches)  rai 
from  one-half  to  one  and  one-half  logs, 
averaging  only  one  log.   However,  all  sti 
trees  were  estimated  to  have  a  height  pol 
tial  of  at  least  two  16-foot  logs.   Thin 
one  percent  appeared  to  have  a  two  and  oi 
half-log  potential  and  13  percent  a  threi 
log  potential;  further  development  was  ri 
stricted  by  crown  breakup  caused  by  fork:  L, 
limbiness,  or  excessively  large  limbs.  -flL 


^Values  followed  by  same  letter  in 
oolvrrm  are  not  significantly  different  ('< 
level)  using  Duncan's  New  Multiple  Range 
Test. 


>-thirds  of  the  study  trees  had  forks,  all 
which  occurred  at  or  above  29  feet  on  the 
.e. 

So  far,  sapsucker  feeding  activity  has 
;urred  only  on  exposed  birch  trees  that 
i   growing  along  the  edges  of  roadways  and 
rger  openings  within  the  study  area.   Bird- 
:k  and  epicormic  branching  have  not  been 
jblems  associated  with  crown  release  on 
ses  released  up  to  5  feet  beyond  their 
jwn  perimeters.   Sunscald  also  has  not 
rven  to  be  a  problem  associated  with 
Lease. 

RESPONSE  TO  FERTILIZATION 

Fertilization  responses  were  determined 
comparing  the  growth  of  single-tree  re- 
ised  only  with  single-tree  released  plus 
rtilized  trees  in  each  of  the  nine  sample 
mps.   Broadcast  fertilization  with  N,  P, 
1  K  had  no  significant  influence  on  diameter 
>wth  during  the  2-year  period  following 
>lication.   Growth  of  fertilized  trees 
ring  the  season  of  application  exceeded 
it  of  the  nonfertilized  released  controls 
5  percent .   During  the  second  growing  sea- 
l,  however,  fertilized  trees  grew  slightly 
is  than  those  not  fertilized. 

Fertilization  increased  lateral  branch 
sngation  in  the  upper,  free-growing  part 
birch  crowns.5  The  difference  in  annual 
anch  elongation  between  fertilized  and 
afertilized  trees  became  apparent  at  the 
i  of  the  first  growing  season  following 
rtilizer  application  (fig.  2).   However, 
fferences  first  became  significantly 
2ater  ("t"  at  0.05  level)  for  the  nine 
rtilized  trees  after  the  second  growing 
ason.   Average  growth  per  shoot  was  10 
ches  more  for  fertilized  than  nonfertilized 
ges. 

Foliage  density  was  not  noticeably  im- 
oved  by  fertilization  (see  Appendix  II 
r  foliage  density  rating  procedure) . 
wever,  the  fertilized  trees  probably  had 
re  leaves  on  the  longer  lateral  shoots 
oduced  after  fertilization  because  the 
mber  of  leaves  on  a  shoot  and  its  length 
e  positively  correlated. 

5 Annual  lateral  branch  elongation  was 
asured  to  the  nearest   %  inch  on  clipped 
anch  tips  in  1972  and  1973.     Measurements 

lateral  branch  growth  were  made  on  branches 
tween  terminal  bud  scars  from  the  branch 
p  toward  the  bole. 

6F.  T.  Metzger.     Unpublished  data  on 
le  at  the  Northern  Hardwoods  Laboratory , 
rquette,   Michigan. 


Figure  2. — Effect  of  fertilization  when 
applied  1  year  after  release  on  mean 
annual  lateral  branch  elongation  of 
single-tree  released  birches. 
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Although  there  was  no  change  in  diameter 
growth  rate,  foliar  analyses  showed  that  the 
uptake  of  P  and  K  was  promoted  by  fertiliza- 
tion (see  Appendix  III) .   Both  the  percent 


concentration  and  absolute  amount  (or  total 
content)  of  P  and  K  in  leaves  of  fertilized 
trees  were  significantly  higher  during  the 
growing  season  during  which  fertilizer  was 
applied  than  the  season  before  application 
(table  1).   In  August  1973,  two  growing 
seasons  after  fertilization,  absolute  amounts 
(milligrams  per  leaf  basis)  of  P  and  K  in 
foliage  of  fertilized  trees  dropped  to  pre- 
fertilizer  treatment  levels.   There  were 
significantly  lower  absolute  amounts  of  Ca 
and  Mg  in  leaves  of  individual  trees  one 
season  after  fertilization  than  one  season 
before  fertilization.   Average  total  content 
of  these  elements  per  leaf  were  not  different 
in  fertilized  and  nonfertilized  trees  after 
the  second  season  following  fertilization 
(table  2). 

Leaf  percentage  values  were  not  reli- 
able indicators  of  the  nutrient  status  of 
the  leaves;  similar  results  were  also  re- 
ported for  birch  (Hoyle  1965).   For  example, 
the  percentages  of  P  and  K  in  fertilized 


tree  foliage  were  significantly  higher  in 
1973,  the  season  after  fertilization,  than 
in  1972,  the  season  of  fertilization.   Thes 
results  could  lead  one  to  incorrectly  con- 
clude that  nutrient  uptake  was  greater  one 
season  after  fertilizer  application  when, 
in  fact,  absolute  content  of  elements  per 
leaf  was  actually  significantly  lower  (tab! 
1) .   The  significantly  higher  P  and  K  per- 
centage values  resulted  from  significantly 
lower  fertilized  tree  leaf  weights  in  1973 
than  in  1972.  One  other  noticeable  effect 
of  fertilization  during  the  first  2  years 
was  that  foliage  in  crowns  of  fertilized 
trees  remained  green  after  the  other  trees 
had  turned  yellow. 


MANAGEMENT  IMPLICATIONS 
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Early  results  indicate  that  previous!, 
untended  65-year-old  codominant  yellow  birr 
trees  will  respond  to  crown  release  but  th | 
increase  in  diameter  growth  rate  will  occui^ 


Table  1. — Change  in  the  average  composition  of  single- 
tree released  -plus  fertilized  birch  foliage  from 
one  growing  season  before  to  two  seasons  after 
fertilization^- 


Sampling  time 

N 

:    P    : 

K    :   Ca   : 

Mg 

Per cert 

dry   leaf  weight 

Season 

before  fertilization 

2.14 

20.24c 

0.74c   1.18b 

0.36a 

Season 

of  fertilization 

(J) 

.31b 

1.31b   1.05b 

.35a 

Season 

after  fertilization 

2.80 

.45a 

Milli 

1.47a   1.49a 
grams  per  leaf 

.36a 

Season 

before  fertilization 

5.64 

0.66b 

1.98b   3.24a 

0.99a 

Season 

of  fertilization 

(J) 

.82a 

3.46a   2.93a 

.95a 

Season 

after  fertilization 

2.66 

.44b 

1.45b   1.43b 

.34b 

xFoliage  was  collected  in  Augus 

1973  from  the  nine  single-tree  relea 

Values  followed  by  the  same  le 

significantly  different  (0.05  level) 

Range  Test. 


t  (1-10)  of  1971,  1972,  and 
sed  plus  fertilized  trees, 
tter  in  a  column  are  not 
using  Duncan's  New  Multiple 


'Nitrogen  analyses  were  not  made  in  1972, 


Table  2. — Average  concentrations  and  absolute  amounts  of  elements  in 
birch  foliage  by  treatments  after  fertilizer  application 


Treatment    : 

N 

P    :   K    :   Ca 

Mg 

Al 

:   Fe   :   Zn   :  Cu  :    Mn 

B 

Released  only 

^^Oa 

Percent  druweight 
0.34b    1.14b   1.63a 

0.41a 

59a 

118a   240a    9a    955b 

82a 

Released  plus 
fertilized 

2.80a 

.46a   1.47a   1.49a 

.36b 

56a 

123a   241a    9a   1,326a 

80a 

Released  only 

Released  plus 

fertilized 

3.71a 
2.66a 

Milligrams  per  leaf 
.46a   1.60a   2.08a 

.44a   1.45a   1.43a 

0.56a 
.34a 

81 
51 

Micrograms  per  leaf 
157    334    12   1,462 

117    106     9   1,202 

109 
82 
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using  Duncan's  New  Multiple  Range  Test. 
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lually.   Adjustments  of  the  crown  to  the 
reased  growing  space  and  to  change  in 
;ity  apparently  require  about  3  years 
>re  significant  diameter  growth  becomes 
irent.   Release  by  removing  two  important 
>etitors  has  shown  the  most  response 
idiately  following  treatment.   Although 
response  to  the  5-foot  release  treatment, 
:h  removed  twice  as  many  important  com- 
Itors,  was  similar,  the  greater  growing 
;e  does  suggest  longer  benefits. 

In  the  Lake  States  there  are  about  8 
Lion  acres  of  immature  second-growth 
:hern  hardwood  stands  under  75  years  of 
Most  are  dense,  unmanaged,  even-aged 
ids  that  developed  after  heavy  commercial 
:ing.   Potentially  valuable  yellow  birch 
>s  growing  under  these  conditions  need 
»e  crown  released  to  assure  their  surviv- 
tnd  stimulate  growth.   In  this  study, 
.dual  basal  area  density  around  individual 
sly  spaced  saw  log  trees  averaging  10.4 
tes  d.b.h.  in  the  5-foot  and  two-tree 
sase  treatments  averaged  84  and  109  square 
:  per  acre,  respectively.7  If  crown 
tnings  like  these  were  applied  under  stand 
litions,  released  crop  trees  normally 
.d  not  be  spaced  so  far  apart.   Thus  for 
:and  (includes  all  trees  in  the  main 
■story  canopy)  of  the  same  diameter,  a 
.dual  basal  area  stocking  level  as  low 
10  square  feet  would  still  be  considered 
tptable  under  Lake  States  conditions;  a 
;htly  lower  level  of  about  75  square 
:  is  recommended  in  the  Northeast  (Leak 
:l.   1969). 

In  structured  stands  under  uneven-aged 
igement,  yellow  birch  saw  log-sized  trees 
tld  receive  special  attention  during 
:ing  so  that  potentially  high  value  trees 
.  be  released  from  at  least  two  important 
letitors.   These  practices  should  encourage 
maintain  yellow  birch  in  future  stands 
.ncrease  the  growing  stock  and  stimulate 
development  of  larger  trees  required  for 
istrial  usage. 


^Basal  area  density,   a  commonly  used 
sure  of  stand  stocking  levels 3  was 
sured  within  26.3  foot  radius   (1/20-acre 
b)  of  the  released  trees  center  at  d.b.h. 
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APPENDIX  I 

Trees  2.6  inches  or  larger  averaged 
152  square  feet  of  basal  area.  Yellow 
birch  trees  made  up  nearly  37  percent  of 
the  basal  area;  sugar  maple  (Acer  saccharum 
Marsh.)  18  percent;  hemlock  (Tsuga  canaden- 
sis   (L.)  Carr)  18  percent;  basswood  (Tilia 
americana   L.)  9  percent;  white  ash  (Fraxinus 
americana   L.)  8  percent;  American  elm  (Ulmus 
americana   L.)  5  percent;  and  white  birch 
(Betula  paperifera   Marsh.),  red  maple  (Acer 
rubrum   L.),  black  ash  (Fraxinus  nigra   Marsh.), 
and  northern  red  oak  (Quercus  rubra   L.) 
combined  5  percent. 

The  site  indices  based  on  stem  analysis 
were  60  feet  at  50  years  for  yellow  birch 
and  sugar  maple  and  at  least  5  feet  greater 
at  50  years  for  basswood  and  white  ash. 

The  study  area  is  located  on  a  level 
to  gently  rolling  ridgetop,  at  an  elevation 
of  1,750  feet.   Soils  classify  as  coarse 
loamy  Alfic  Fragiorthod  primarily  of  the 
Iron  River  series  although  some  areas  have 
thin  sand  and  gravel  layers  in  the  substratum 
that  classify  as  Stambaugh.   Effective 
rooting  depth  averages  about  19  inches  with 
a  pH  of  about  5.3  within  this  upper  layer. 


Small  boulders  are  common  on  the  surface 
and  throughout  the  profile.   During  the 
growing  season,  precipitation  averages  about 
20  inches,  but  short  dry  periods  are  not 
uncommon . 

APPENDIX  II 

Foliage  density  was  rated  after  full 
leaf  development  each  year.   Foliage  ratings 
were  based  on  the  average  percent  of  the 
main  stem  within  the  tree's  live  crown  that 
was  obscured  by  foliage  when  viewed  from 
two  sides  at  one  tree-length  distance  as 
follows:   dense  (87.5  or  more),  medium  to 
dense  (75  to  87.5),  medium  (62.5  to  75), 
fair  to  medium  (50  to  62.5),  fair  (37.5  to 
50),  and  poor  (37.5  or  less). 

APPENDIX  III 

Each  year  foliage  samples  were  collected 
from  single-tree  released  fertilized  and  non- 


fertilized  birch  trees  during  the  first  wei| 
in  August  as  recommended  by  Hoyle  (1965) . 
A  sample  of  25  to  68  mature  sun  leaves  was  | 
taken  from  fully  exposed  upper  branches  on 
the  south  side  of  the  crown  at  each  occasi 
Leaf  samples  were  dried  at  70°  C,  ground  i. 
a  Wiley  mill  to  pass  a  20-mesh  screen,  and: 
analyzed  for  nutrient  concentrations .   Totti 
nitrogen  was  determined  using  a  semimicro- 
Kjeldahl  method  (Bremner  1965);  P,  K,  Ca, 
Fe,  Al,  Cu,  Zn,  B,  and  Mn  determinations 
were  made  on  dry-ashed  (470°  C  for  4  to  5 
hours)  samples  on  the  emission  spectograph 
These  were  made  in  1971  and  1972  under  the^ 
guidance  of  Donald  R.  Christenson,  Associaa 
Professor,  Crop  and  Science  Department, 
Michigan  State  University,  East  Lansing, 
Michigan.   In  1973  these  analyses  were  mad 
by  the  Crop  Research  Laboratory,  Universit 
of  Minnesota.   Paired  t-tests  were  made  to 
compare  differences  on  foliage  composition 
for  each  element  between  sample  means. 
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SPECIFIC  CONDUCTANCE  IDENTIFIES  PERCHED 
AND  GROUND  WATER  LAKES 

Clarence  F.  Hawkinson  and  Elon  S.  Verry 


In  north-central  Minnesota  the  water 
level  in  lakes  may  or  may  not  be  contiguous 
with  the  regional  water  table.   Some  lakes 
are  perched  above  the  regional  water  table 
and  receive  water  primarily  from  precipi- 
tation and  local  runoff.  Other  lakes  are 
simply  an  exposure  of  the  regional  water 
table  and  receive  large  amounts  of  ground 
water.   In  areas  with  many  lakes,  the 
knowledge  of  which  lakes  are  ground  water 
fed  can  be  used  to  draw  general  maps  of 
the  regional  water  table  by  taking  the 
elevation  of  ground  water  lakes  as  control 
points  to  construct  contours. 

A  study  to  evaluate  the  usefulness 
of  specific  conductance  (the  ability  of 
water  to  pass  a  standard  electrical  cur- 
rent) as  an  index  of  water  type  in  lakes 
was  conducted  on  a  30-square-mile  area 
near  the  Marcell  Experimental  Forest  in 
north-central  Minnesota  (ca.  N  47°  32' 
Lat.,  93°  28' W  Long.)  (fig.  1). 


METHODS  OF  STUDY 

The  regional  water  table  was  measured 
by  means  of  29  wells  ranging  from  11  to 
72  feet  deep.   One  well  was  fitted  with  a 
continuous  recorder  for  water  table  fluc- 
tuations.  The  others  were  measured  each 
month  for  10  years.   Portable  field  meters 
were  used  to  measure  specific  conductance 
and  pH  for  each  of  17  area  lakes;  all 
values  were  corrected  to  25°C. 

The  lowest  water  table  elevation  in 
each  well  during  the  10-year  period  was 
used  to  draw  a  5-foot  contour  map  of  the 
regional  ground  water  surface  (water  table) 
(fig.  2).   Elevations  of  lakes  known  to 
reflect  the  water  table  were  also  used  in 
drawing  contours.   Arrows  were  drawn  at 
right  angles  to  the  ground  water  contour 
lines  to  indicate  the  general  direction 
of  flow. 


RESULTS 

Specific  conductance  values  fell  into 
three  distinct  categories  which  we  termed 
perched,  transitional,  and  ground  water 
lakes.   pH  values  generally  followed  the 
same  pattern  but  lacked  the  sensitivity  of 
specific  conductance  (table  1) . 

Table  1. — Specific  conductance  and  pH  of 
lakes  at  25°  C 

PERCHED  LAKES 


Lake 

Specific 
conductance 

pH  units 

Umhos 

Blandin 

16 

6.2 

Willeys 

16 

6.6 

White  Porky 

18 

6.6 

Moss 

19 

6.8 

Moon 

19 

6.4 

Spring 

20 

6.4 

Lum 

21 

6.3 

Sawyer 

22 

6.1 

Bog 

23 

6.6 

TRANSITIONAL  LAKES 

Burrows 

31 

6.4 

Lost  Moose 

55 

7.4 

Burnt  Shanty 

32 

6.9 

Buchman 

95 

8.3 

GROUND 

WATER  LAKES 

Sand 

144 

7.5 

Hunter 

150 

7.5 

Cutaway 

160 

7.6 

Lake  19 

192 

7.2 

Perched  lakes  are  fed  by  precipitation 
and  local  runoff.   Local  runoff  is  princi- 
pally subsurface  flow  resulting  from  water 
percolating  about  6  inches  into  the  soil 
and  flowing  laterally  down-slope  over  the 
top  of  a  buried  clay  horizon.   Because  of 
these  sources,  perched  lakes  have  a  low 
mineral  content  and  thus  low  specific  con- 
ductance (16  to  23  umhos)  and  a  low  pH 
(near  6.4) . 


Figure  1. — Surface  contour  map   (SO  foot  intervals  MSL)   of  30  square 
mile  area  that  encompasses  the  two  units  comprising  the  Mar  cell 
Experimental  Forest. 


Figure  2. — Water  table  map  of  30  square  mile  area  that  encompasses 
the  two  units  comprising  the  Marcell  Experimental  Forest. 


Ground  water  lakes  receive  the  same 
inflow  as  perched  lakes  plus  a  lot  of 
ground  water  inflow.   Ground  water  entering 
a  lake  has  traveled  some  distance  through 
soil  parent  materials  and  aquifer  sands  and 
contains  a  high  concentration  of  dissolved 
minerals,  particularly  calcium.   Correspond- 
ingly, specific  conductances  range  higher 
(144  to  192  ymhos)  with  a  pH  of  about  7.5. 

Transitional  lakes  in  this  study  have 
specific  conductances  ranging  from  31  to 
95  with  a  pH  of  about  7.2.   Their  water  may 
vary  considerably,  tending  toward  perched 
lakes  following  snowmelt,  and  ground  water 
lakes  during  dry  periods. 

These  classifications  were  confirmed 
by  a  ground  water  contour  map  showing  water 
table  elevation  and  direction  of  flow  (fig.  2). 
Two  cross  sections  were  drawn  to  illustrate 
relative  positions  of  the  ground  surface,  the 
lakes,  the  top  of  the  sand  aquifer,  and  the 
water  table  (cross  sections  A  and  B,  fig.  3). 

The  water  table  ranged  from  5  to  65 
feet  below  the  ground  surface  at  its  lowest 
fluctuation.   Annually  it  fluctuates 
slightly  less  than  a  foot,  but  over  the 
10-year  period  it  fluctuated  2-1/2  feet. 
The  aquifer  is  mostly  below  a  thin  layer  of 
glacial  till.   This  till  layer  separates 
some  lakes  and  bogs  from  the  ground  water 
system  and  prevents  their  water  from  seeping 
into  the  regional  ground  water  system. 

Some  lakes  are  perched  high  above  the 
regional  water  table;  for  example,  Moon  Lake 
in  the  west-central  part  of  the  study  area 
(cross  section  B,  fig.  3)  is  more  than  40  feet 
above  the  regional  water  table.  Many  bogs 
in  the  area  are  also  perched  above  the  re- 
gional water  table. 

Other  "perched"  lakes  may  sit  in  the 
ground  water  system  but  still  be  separated 
from  the  ground  water  by  lake  bottom  muds 
of  an  organic  nature,  by  till,  or  by  other 
impervious  material.   Sawyer  Lake  in  the 
northeast  corner  of  the  study  area  is  an 
example  (cross  section  A,  fig.  3). 

Lakes  such  as  Burrows  and  the  unnamed 
lake  east  of  Cutaway  lake  (Lake  19)  are  expo- 
sures of  the  water  table  (cross  section  B,  fig.  3). 
No  stream  flows  into  or  out  of  Burrows  Lake; 
it  probably  feeds  the  ground  water  system 
during  periods  of  high  precipitation  and 


R.   R.   Bay.      Factors  influencing  soil 
moisture  relationships  in  undrained  forested 
bogs.     In  Int.   For.   Hydrol.   Symp.   Proc,  Fenn. 
State  Univ.   p.    325-342.      1967. 
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runoff,  and  depletes  ground  water  during 
periods  of  high  evaporation.   On  the  other 
hand,  the  unnamed  lake  and  the  stream 
leading  from  it  discharge  ground  water. 

APPLICATION 

The  correlation  between  specific 
conductance  and  source  of  water  in  a 
lake  can  be  useful  in  drawing  water  table 
maps  in  areas  with  many  lakes.   Needed 
are  only  specific  conductance  values  for 
the  lakes  (measured  during  a  relatively 
short  period  to  avoid  biasing  by  large 
storms)  and  a  surface  topographic  map 
(usually  available  from  the  U.S. 
Geological  Survey) .   Specific  conductance 
should  not  be  measured  during  or  within  2 
weeks  following  snowmelt  as  all  values  will 
be  low  due  to  dilution.  When  ground  water 
lakes  are  identified,  crude  water  table 
contours  can  be  drawn  by  using  the  ground 
water  lake  elevations  as  a  control. 

Water  table  maps  are  useful  for  planning 
wells  by  substracting  water  table  elevations 
from  surface  elevations  to  obtain  depth  to 
water.   In  our  study  area  we  found  that  the 
highest  level  of  the  water  table  occurred 
in  early  July  as  a  delayed  result  of  spring 
snowmelt;  the  lowest  are  usually  in  March. 
Water  table  maps  are  also  useful  for  locating; 
land  fills  and  sewage  renovation  areas  by 
knowing  the  direction  of  ground  water  flow 
and  the  depth  of  soil  and  parent  materials 
above  the  saturated  zone. 

The  ranges  of  specific  conductance  for 
perched,  transitional,  and  ground  water  lake 
in  this  study  are  only  relative.   Sampling  a 
different  times  of  the  year  would  show  dif- 
ferent ranges,  as  would  sampling  in  differen 
areas.   Still,  specific  conductance  sampling 
if  done  over  a  short  period  (2  weeks  or  so)-' 
will  indicate  the  existence  of  perched,  tran 
sitional,  or  ground  water  lakes.   Although 
the  extent  of  perched  lakes  State-wide  is 
not  known,  they  have  been  identified  in  the 
Suomi  Hills  area  15  miles  west  of  the  Marcel 
study, ^  and  in  the  pothole  region  of  west- 
central  Minnesota. 


1 


J.   Roles,   M.    B.   Hathaway,    W.   Allen, 
G.    Goltz,   J.   Mathisen,   J.    Osborne.      Pro- 
posed Suomi  Hills  area  management  plan. 
USDA  For.   Serv.    Chippewa  Natl.   For:,'  Cass 
Lake,   Minn.      60  p.      1974. 

3  G.  M.   Schwartz  and  P.    W.   Manson. 
Pothole  drainage  and  deep  ground  water  sup- 
plies.     Minn.    Farm  &  Home  Sci.    21(2):12-15. 
1964. 
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PRUNING  PIN  OAK  IN  SOUTHEASTERN  MISSOURI 


Robert  A.  McQuilkin 


Pin  oak  (Quercus  palustris   Muenchh.) 
s  an  important  tree  species  on  bottomlands 
ad  poorly  drained  upland  flats  in  the 
antral  United  States.   It  is  characterized 
y   rapid  height  and  diameter  growth,  a 
traight,  strongly  excurrent  main  stem,  and 
any  dead  branches  which  persist  for  many 
Bars  on  the  lower  bole.   These  branches 
ause  many  small  knots  and  subsequently 
jch  loss  of  value  in  pin  oak  lumber 
"linckler  1965) . 

In  1957,  a  study  was  installed  to 
atermine:   the  feasibility  of  pruning  pin 
ak,  the  degree  of  epicormic  branch  sprout- 
rig  that  would  occur  after  pruning,  and 
|at  factors  would  affect  this  sprouting, 
arly  results  of  this  study  have  been  pub- 
ished  (Minckler  and  Krajicek  1964).   This 
sport  gives  the  results  to  1969 — 12  and 
3  growing  seasons  after  pruning. 


METHODS 

A  complete  description  of  the  study 
rea  and  the  experimental  methods  is  given 
y   Minckler  and  Krajicek  (1964).   Briefly, 
tie  study  was  designed  to  test  the  effect 
f  season  of  pruning  (before,  during,  or 
fter  the  growing  season)  and  the  effect  of 
scposure  of  the  bole  to  direct  sunlight  on 
he  number  and  spatial  distribution  of 
picormic  branches  after  pruning.   Treat- 
ents  were  assigned  at  random  to  150  domi- 
ant  and  codominant  trees  within  a  30-acre 
ortion  of  a  30-  to  35-year-old  even-aged, 
ully  stocked  pin  oak  stand  in  the  Mingo 
ational  Wildlife  Refuge,  Stoddard  and 
ayne  Counties,  Missouri.   In  March,  1957, 
he  first  16-foot  log  was  pruned  on  40 
rees  and  10  nonpruned  control  trees  were 
esignated;  half  of  these  trees  (20  pruned 
nd  5  nonpruned)  were  exposed  to  direct 
unlight  by  cutting  1  to  3  trees  on  the 
outh  and  southwest  sides  of  the  study  trees. 


This  entire  procedure  was  repeated  in  June 
and  again  in  October,  1957.   All  pruning 
was  done  manually  with  pruning  saws. 


The  number  of  live  and  dead  branches 
on  the  first  log  was  recorded  by  tree  side 
(north-northeast  and  south-southwest) 
before  pruning  and  1,  4,  and  12  years  after 
treatment.   Tree  diameter  and  crown  class 
were  also  measured.   The  12th  year  measure- 
ments were  taken  on  all  trees  in  October, 
1969.   Since  the  initial  measurements  were 
taken  at  the  time  the  treatments  were  applied 
(March,  June,  and  October,  1957),  the  data 
represent  13  growing  seasons  for  the  March 
trees,  12.5  growing  seasons  for  the  June 
trees,  and  12  growing  seasons  for  the  October 
trees.   Adjustments  for  these  differences  in 
time  were  made  in  the  analyses  where  necessary, 
Of  the  150  original  study  trees,  2  died  and 
28  had  dropped  below  the  codominant  crown 
class  by  1969.   The  results  presented  here 
are  based  on  the  remaining  120  trees  (96 
pruned  and  24  nonpruned) . 


RESULTS 

Effect  of  Pruning 

Although  there  was  some  epicormic  branch 
sprouting  after  pruning,  in  1969  the  pruned 
trees  still  had  less  than  one-fourth  the  num- 
ber of  branches  on  the  first  16-foot  log  as 
the  nonpruned  trees — 6.1  vs.  25.6  branches 
(table  1) .   This  difference  was  statistically 
significant  at  the  P  =  .001  level.   Almost 
all  sprouting  on  the  pruned  trees  occurred 
within  the  first  4  years  after  pruning;  for 
the  remaining  8  years  of  the  study,  the  mean 
number  of  branches  per  tree  remained  about 
constant  (fig.  1).   The  number  of  branches 
on  the  nonpruned  trees  declined  32  percent 
over  the  study  period,  from  37.7  in  1957  to 
25.6  in  1969. 


Table  1. — Mean  number's  of  branches     on  the  first  16- foot   log 
of  pruned  and  non-pruned  pin  oak  trees  by  month,   shading, 
and  tree  side 


Month  pruned 

Sou 

tli 

half  of 

bole 

Nor 

th 

half 

of 

bole 

Sum  of 

1101 

th  plus 

sou 

th 

halves  2 

Exposed 

Shaded 

Mean 

Exposed 

Shade 

d 

Mean 

Expose 

d 

:  Shaded 

Mean 

March 

2.6 

4.5 

3.4 

0.5 

2.1 

1.2 

3.2 

6.6 

4.7 

June 

4.4 

3.6 

4.1 

0.5 

2.1 

1.2 

4.9 

5.7 

5.3 

October 

9.  4 

3.8 

6.6 

2.6 

1.2 

1.9 

12.1 

5.0 

8.5 

Mean  of  all 

pruned  trees 

5.3 

4.0 

4.7 

1.2 

1.8 

1.5 

6.5 

5.8 

6.1 

Mean  of  all 

nonpruned  trees 

17.2 

13.2 

15.4 

11.7 

8.5 

10.2 

28.9 

21.7 

25.6 

Live  plus  dead  branches. 

Sum  of  north  plus  south  half  values  may  not  add  exactly  due  to  rounding. 
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Figure  1. — Mean  number  of  live  plus  dead 
branches    (north  plus  south  sides)  on 
the  first   16- foot  log  of  the  pruned  and 
nonpruned  trees  from  1957  through  1969. 


Eighty-two  percent  of  the  branches  on 
the  nonpruned  trees  and  66  percent  on  the 
pruned  trees  were  dead  in  1969. 


Correlation  of  Numbers  of  Branches 
Before  and  After  Pruning 

The  number  of  new  branches  on  the 
pruned  trees  was  weakly  correlated  with 
the  number  of  branches  before  pruning: 

^br^l!fS  "  -52  +  -163  (branches  in  1957) 
in  1969) 

2 


Although  the  Rz  was  only  .12  (r  =  +.35), 
the  regression  was  statistically  signifi- 
cant at  the  P  =  .01  level.   Thus,  for 
every  10  branches  on  the  first  log  of  a 
tree  before  pruning,  lh   to  2  new  branches 
can  be  expected  after  pruning.   The  data 
indicate  however,  that  there  will  be  a 
great  amount  of  variation  around  this 
expected  value.   This  correlation  of 
branch  numbers  before  and  after  pruning 
is  presumably  due  to  genetic  control  of 
branching  characteristics  within  the 
individual  trees. 


Effect  of  Season  of  Pruning 

Because  of  the  correlation  between 
anches  before  and  after  pruning,  anal- 
=s  of  the  1969  pruned  tree  data  was 
le  by  covariance  analyses  on  the  re- 
assions : 

ranches  m   fc   .  ,   (branches  in  1957). 
1969)     0    1 

Ls  technique  permitted  tests  to  be 
ie  on  the  1969  pruned  tree  data  after 

2  effect  of  number  of  branches  in  1957 

3  removed.   Analysis  of  differences 
total  branches  for  the  exposed  and 

ided  trees  by  months  of  pruning  showed 
ison  (month)  of  pruning  had  no  effect 

branch  sprouting  (table  1) .   All  month 
uparisons  were  statistically  nonsig- 
cicant  with  the  exception  of  the  ex- 
sed  October  trees.   The  mean  number 

branches  for  this  treatment  (12.1) 
5  significantly  higher  than  for  the 
josed  March  or  June  trees  (3.2  and 
J  branches);  this  greater  value  was, 
fever,  due  primarily  to  5  trees  (out 

16)  which  inexplicably  had  from  21 

37  branches  each  (the  mean  number 

branches  on  the  other  11  trees  in 
Ls  treatment  was  5.8).   The  mean  num- 
r  of  branches  for  the  shaded  October 
aes  was  5.0 — less  than  the  comparable 
Lues  for  the  shaded  March  and  June 
aes  (6.6  and  5.7  branches).   Because 

the  small  number  of  trees  which 
ised  this  high  value  and  the  lack 

a  similarly  high  mean  for  the  shaded 
tober  trees,  the  high  exposed  October 
Lue  is  most  likely  a  chance  occurrence, 
i   not  due  to  either  month  or  exposure 
aatment. 


Distribution  of  Branches 
on  North  and  South  Sides  of  the  Bole 

Overall,  approximately  three-fourths 
the  new  branches  on  the  pruned  trees 
ew  on  the  south- southwest  half  of  the 
le  (table  1) .   Differences  were  analyzed 

t-test;  adjustment  for  number  of 
anches  before  pruning  was  not  made  be- 
use  these  north-south  comparisons  were 
de  on  two  halves  of  the  same  tree, 
fferences  for  both  pruned  and  nonpruned 
ees  were  significant  at  the  P  =  .001  level, 

The  Effect  of  Direct  Sunlight 
on  Branching  and  Tree  Growth 

The  effect  of  exposure  to  direct 
nlight  was  analyzed  by  the  previously 


described  covariance  technique  to  remove 
the  effect  of  the  number  of  branches  before 
pruning.   Exposure  of  the  trees  to  direct 
sunlight  on  the  south-southwest  side  had 
no  effect  on  the  number  of  new  branches  on 
the  pruned  trees  (table  1).   Differences 
in  branch  numbers  between  exposed  and 
shaded  trees  were  statistically  nonsignifi- 
cant except  in  the  case  of  the  October  trees. 
As  explained  before,  the  differences  in  these 
trees  were  interpreted  as  being  not  due  to 
treatment.   However,  exposure  did  affect 
the  distribution  (by  tree  side)  of  the 
branches;  the  proportion  of  branches  grow- 
ing on  the  south  side  of  the  trees  was  82 
percent  for  the  exposed  trees  and  69  percent 
for  the  shaded  trees.   This  difference  was 
significant  at  the  P  =  .05  level. 

Exposure  of  the  trees  by  cutting  sev- 
eral adjacent  trees  (in  effect,  a  partial 
thinning)  resulted  in  a  30  percent  increase 
in  diameter  growth  of  the  exposed  trees  com- 
pared to  the  trees  which  remained  completely 
shaded.   Evaluation  of  the  data  was  by 
covariance  analysis  with  diameter  growth 
adjusted  for  initial  (1957)  diameters. 
Assuming  an  initial  diameter  of  8.0  inches 
in  1957  and  using  the  average  growth  period 
for  all  treatments  (12.5  growing  seasons), 
the  exposed  trees  grew  3.24  inches  (.26 
inches  per  year)  while  the  shaded  trees 
grew  2.48  inches  (.20  inches  per  year). 
This  difference  was  significant  at  the  P  = 
.001  level.   This  30  percent  increase  in 
diameter  growth  agrees  with  results  from 
other  studies  which  have  shown  that  pin  oak 
responds  well  to  thinning  or  release 
(Minckler  1953,  Minckler  1965,  Minckler  1967). 
Exposure  of  the  trees  had  no  effect  on  height 
growth. 

Effect  of  Pruning  on  Diameter  Growth 

Although  the  pruned  trees  had  a  16.5 
percent  greater  diameter  growth  than  the 
nonpruned  trees,  this  difference  was  not 
statistically  significant.   Because  all 
the  bole  branches  on  these  trees  were 
small  and  most  (76  percent)  were  dead  at 
the  time  of  pruning,  no  significant  effect 
on  diameter  growth  by  pruning  was  expected. 


DISCUSSION  AND  CONCLUSIONS 

Mechanical  pruning  is  a  feasible 
method  of  permanently  reducing  the  number 
of  branches  on  pole-size  pin  oak  in  fully- 
stocked  or  partially  thinned  stands.   Re- 
growth  of  branches  was  confined  almost 


entirely  to  the  first  four  years  after 
pruning,  and  presumably  (unless  perhaps 
the  stand  is  opened  up  greatly) ,  the 
number  of  branches  will  remain  about  the 
same  or  decline  slowly  as  the  stand  gets 
older.   It  is  interesting  to  speculate 
what  would  have  happened  if,  four  years 
after  the  pruning,  a  second  pruning  had 
removed  the  few  branches  which  did  sprout. 
Would  more  branches  have  sprouted,  or  would 
the  trees  have  remained  essentially  branch- 
free  after  that? 

The  strong  correlation  of  branching 
with  bole  side  (aspect)  suggests  that  pin 
oak  branching  is  strongly  affected  by  light 
intensity.   If  this  assumption  is  made,  it 
is  then  difficult  to  explain  why  further 
exposure  to  light  by  cutting  adjacent  trees 
did  not  stimulate  even  more  branching.   Al- 
though most  of  the  comparisons  between  ex- 
posed and  shaded  trees  in  table  1  were  not 
statistically  significant,  the  data  (dis- 
regarding the  October  trees)  suggest  that, 
if  anything,  the  additional  exposure 
actually  reduced  the  number  of  branches  on 
both  the  north  and  south  sides  of  the  trees. 
For  the  March  and  June  pruned  trees,  the 
south-side  mean  numbers  of  branches  in 
1969  were:   exposed  =  3.5,  shaded  =  4.1; 
the  north-side  means  were:   exposed  =  0.5, 
and  shaded  =  2.1.   This  last  difference 
was  significant  at  the  P  =  .01  level. 

An  economic  analysis  of  pin  oak  pruning 
is  not  possible  until  the  trees  become  lar- 
ger than  their  present  (1975)  estimated 
mean  d.b.h.  of  about  12  inches.   The  minimum 
top  diameter  (inside  bark)  for  hardwood  Grade 
1  logs  is  13  inches;  assuming  a  form  class 
of  .78  (Jensen  and  Woerheide  1956),  these 
pin  oak  will  need  to  have  a  d.b.h.  of  around 
17  inches  to  be  potential  Grade  1  logs. 

Although  a  definitive  economic  analysis 
cannot  be  done  now,  an  indication  of  sig- 
nificant improvement  in  log  quality  and  value 
can  be  inferred  from  a  statement  by  Boyce 
and  Schroeder  (1963)  concerning  the  effect 
of  pruning  on  hardwood  log  quality:   "... 
pruning. . .will  result  in  little  or  no  gain 
in  log  quality  unless  the  practice  reduces 
the  number  of  grading  defects  in  the  butt 
log  to  less  than  8."   Branches  and  branch 
stubs  are  the  main  grading  defects  in  pin 
oak.   The  mean  number  of  branches  on  the 
butt  log  of  pruned  trees  in  1969  was  6.1; 
72  percent  of  the  logs  had  less  than  8 
branches,  and  49  percent  had  less  than  4 
branches.   In  comparison,  the  mean  number 


of  branches  on  the  nonpruned  trees  was  25.6. 
and  only  7  percent  of  these  trees  had  less 
than  8  branches  on  the  butt  log.   Final 
economic  analysis  will  require  a  lumber 
grade  recovery  study  on  logs  from  pruned 
and  nonpruned  trees  to  accurately  assess 
the  overall  effects  of  pruning  and,  in 
particular,  to  assess  the  effect  of  the 
unequal  lateral  distribution  of  sprouts 
on  lumber  grade  yields. 


SUMMARY 

Based  on  this  study,  the  following 
conclusions  and  recommendations  can  be 
made  regarding  pin  oak  pruning: 

1.  Pruning  will  significantly  and  per- 
manently reduce  the  number  of  branches 
on  the  butt  logs  of  pole-size  pin  oak. 

2.  Wherever  possible  in  the  selection  of 
trees  to  be  pruned,  trees  with  fewer 
branches  should  be  chosen  over  those 
with  more  branches;  this  will  result 
not  only  in  lower  pruning  costs,  but 
also  in  fewer  epicormic  branches  after 
pruning. 

3.  Pruning  can  be  done  at  any  time  of 
the  year  without  affecting  the  number 
of  new  sprouts  after  pruning. 

4.  Pruning  can  be  combined  with  at  least 
light  thinning  to  increase  the  diametei 
growth  of  the  trees  without  increasing 
the  number  of  new  sprouts  after  pruning 

5.  Consideration  should  be  given  to 
making  a  second  pruning  four  years 
after  the  first  pruning  to  remove  the 
few  new  branches  that  will  grow  on 
most  trees.   Assuming  that  the  sprout- 
ing after  this  second  pruning  would  be 
very  light,  boles  nearly  free  of  brand 
and  clear,  knot-free  lumber  would  resu 
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GROWTH,  DRY  WEIGHT  YIELDS,  AND  SPECIFIC  GRAVITY 
OF  3-YEAR-OLD  POPULUS  GROWN  UNDER  INTENSIVE  CULTURE 

David  H.  Dawson,  J.  G.  Isebrands,  and  John  C.  Gordon 


A  common  goal  in  agriculture  for  some 
:ime  has  been  to  systematically  "optimize" 
ill  the  manageable  factors  of  plant 
mvironment.   This  concept  has  led  to 
laximum  crop  yields  for  a  particular 
lite.   Conversely,  in  forestry,  practical 
lilviculture  has  been  applied  as  a  single 
iractice,  with  the  hope  of  improving 
rields  of  natural  stands,  or  emulating 
latural  stands  in  the  form  of  plantations. 

Although  woody  plants  can  have  biomass 
rields  comparable  with  those  of  annual 
:rops  (Gordon  1975) ,  their  full  photosyn- 
:hetic  potential  will  be  realized  only 
:hrough  research  that  specifies  new  modes 
if  culture  (Larson  and  Gordon  1969) . 
[aximum  growth  can  be  attained  if  woody 
dants  with  ideal  characteristics  are 
;rown  under  the  best  environmental  con- 
litions  possible  in  the  field. 

The  environmental  factors  most  easily 
lanipulated  under  field  conditions  are 
ioil  moisture,  soil  nutrients,  and  plant 
ipacing.   Spacing  is  particularly  impor- 
:ant  because  it  is  easily  manipulated  and 
loes  much  to  determine  tree  form  and  wood 
[uality  (Larson  1962)  . 

In  the  search  for  "optimum"  environ- 
lents  for  particular  genotypes,  the  concept 
(f  the  ideal  plant  type,  or  ideotype,  has 
iroven  useful.   The  specification  of  ideal 
ilant  characteristics,  for  a  given  cultural 
invironment,  provides  a  target  for  selection 
ind  breeding.   For  example,  an  ideal  wood 
'iber-producing  tree  would  have  the  follow- 
.ng  characteristics:   (1)  rapid  proliferation 
>f  leaves  in  the  spring  and  late  senescence 
if  leaves  in  fall;  (2)  erect  branching,  acute 
.eaf  angles,  and  a  high  leaf  area  index  for 
laximum  solar  radiation  interception;  (3) 
loncompetitiveness,  so  that  each  individual 
.n  a  stand  efficiently  occupies  only  the 
space  allocated  to  it;  (4)  maximum  alloca- 
:ion  of  photosynthate  to  stem  wood  production; 


(5)  maximum  response  to  available  nutrients, 
particularly  nitrogen;  and  (6)  desirable 
wood  properties  for  proposed  end  product1 
(Dickmann  1975) . 

Several  efforts  have  been  made  using 
the  above  concepts  to  exploit  the  greater 
interception  of  solar  energy  by  employing 
high  initial  densities  and  short  rotations 
(McAlpine  et  al.    1966,  Smith  and  DeBell 
1973). 

The  experiment  reported  here  was 
conducted  to  determine  the  effects  of 
plant  spacings  on  the  growth,  dry  weight 
yield  and  distribution,  and  specific 
gravity  of  a  single  Populus   genotype 
(Populus   'Tristis  #1')  subjected  to  near- 
optimum  field  cultural  conditions  for  3 
years  in  northern  Wisconsin.   Crist  and 
Dawson  (1975)  have  reported  on  2-year 
results.  Although  there  have  been  many 
spacing  experiments  with  members  of  the 
genus  Populus j   we  know  of  none  that  have 
included  close  spacings,  intensive  water 
and  nutrient  management  and  monitoring, 
and  total  assessment  of  yield  of  all  plant 
components  over  short  rotations.   Our 
results  show  that  yields  much  higher  than 
those  attained  by  conventional  forestry 
methods  are  possible. 


METHODS  AND  MATERIALS 

The  study  was  established  in  an  irri- 
gated nursery  near  Rhinelander,  Wisconsin, 
in  June,  1970,  using  8-in.  long,  unrooted 
cuttings  that  were  approximately  0.25  inch 
in  diameter.   Biweekly  foliar  analyses  were 


Philip  R.    Larson.     Physiological 
parameters  of  intensive  culture — theoretical 
and  applied.      In-Service  Workshop  on 
Intensive  Culture,   Rhinelander ,    Wis.,   Sept. 
18-19,    1973. 


used  to  monitor  nutrient  status,  and  fer- 
tilizers were  added  throughout  each  growing 
season  to  maintain  near-optimum  in-plant 
nutrient  levels  (Dykstra  1972) .   Soil 
moisture  was  maintained  near  field  capacity 
by  frequent  irrigation  (fig.  1). 


Figure  1. — Three-yr-old  plots  of  maximum- 
fiber-yield  study. 


The  study  design  was  a  randomized  com- 
plete block  with  three  replications.   The 
plant  spacings  were  9  in.  by  9  in.  (77,440 
plants/acre),  12  in.  by  12  in.  (43,560 
plants/acre),  and  24  in.  by  24  in.  (10,890 
plants/acre)  in  16-ft  by  16-ft  plots.   Plots 
were  kept  small  because  of  limited  avail- 
ability of  plant  material  and  resources. 
The  spacings  will  hereafter  be  referred  to 
as  9  by  9,  12  by  12,  and  24  by  24. 

Height  and  basal  diameter  were  measured 
on  a  10  percent  sample  of  the  trees  in  each 
plot  six  times  during  each  growing  season. 
To  describe  crown  form,  the  following  were 
measured  on  five  additional  trees  per  plot: 
shoot  length,  internode  length,  branch 
length,  branch  angle,  and  branch  diameter. 

After  two  full  growing  seasons  (end 
of  1972),  a  2-ft  by  6-ft  subplot  was  har- 
vested from  each  of  the  plots.   Therefore, 
the  number  of  trees  harvested  varied  de- 
pending on  the  spacing.   Trees  were  cut 


Although  the  first  year  was  not  a 
full  growing  season  and  oan  be  regarded  as 
a  year  of  establishment,   after  two  full 
growing  seasons  we  consider  the  trees  to 
be  3  years  old.     Furthermore,   these  plots 
were  not  a  eoppioe  crop;   they  consisted  of 
only  one  stem  per  plant. 


at  ground  level  and  the  following  measure- 
ments made  and  recorded  for  each  tree: 
total  height,  stem  diameter  (base,  mid- 
point, and  6  inches  from  the  top);  number 
of  branches,  length  of  the  uppermost 
branch,  the  sixth  branch  from  the  top, 
and  the  bottom  branch;  height  from  base 
to  bottom  branch;  and  length  of  stem  above 
top  branch.   At  harvest,  the  stem  and 
branches  were  cut  into  3-ft  lengths,  wrapped 
in  wet  paper  towels  and  polyethylene  wrap, 
and  placed  in  the  freezer. 

To  analyze  yield  each  tree  was  removed 
from  the  freezer  and  separated  into  the 
following  components:   stem  wood,  branch 
wood,  stem  bark,  branch  bark,  tips  (top 
6  inches  of  stem),  and  dead  stem  wood. 
All  components  were  ovendried  at  70°C 
and  then  weighed.   Dry  weight  yields  were 
extrapolated  to  tons  per  acre  by  area 
expansion.   Because  the  trees  were  har- 
vested after  leaf  fall  had  begun,  leaf 
dry  weights  were  not  included. 

In  addition,  three  discs  were  removed 
from  three  points  on  the  stem  (1  inch  from 
the  base,  midpoint  of  the  stem,  and  three 
internodes  down  from  the  tip)  to  determine 
specific  gravity  by  the  ovendry  weight 
method — green  volume  basis  using  water 
immersion  for  volume  determination. 


RESULTS  AND  DISCUSSION 

Growth 

Little  height  growth  occurred  during 
1970  because  unrooted  cuttings  were  planted 
in  late  spring  and  growth  ceased  in  mid- 
July  due  to  the  inherent  response  of  the 
genotype  to  the  photoperiod  in  Wisconsin 
(Larson  and  Isebrands  1972).   However, 
Populus    'Tristis  #1'  even  when  well  es- 
tablished does  not  fully  utilize  the 
growing  season  of  northern  Wisconsin.   For 
example,  in  1971  and  1972,  90  percent  of 
the  terminal  buds  were  set  by  the  second 
week  in  August,  several  weeks  before  the 
first  killing  frost.  Within  the  Populus 
genus,  photoperiod  has  been  considered  to 
be  the  major  factor  in  determining  time 
of  flushing  and  cessation  of  growth 
(Pauley  and  Perry  1954).   However,  studies 
by  Dykstra  (1974)  indicated  that  annual 
height  growth  cessation  and  photosynthetic 
rate  were  also  influenced  strongly  by 
nitrogen  uptake.  We  believe  the  later 
date  of  growth  cessation  for  1971  and 
1972,  when  compared  to  1970,  may  be  due 
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:o  the  higher  and  more  constant  levels  of 
soil  nitrogen  being  maintained  during  that 
jeriod. 

Average  height  growth  between  spacings 
?as  not  significantly  different  until  the 
:hird  year  and  then  the  range  was  from  about 
LO  feet  for  the  highest  density  to  about 
L2.5  feet  for  the  lowest  density  (table  1). 
Significant  differences  in  diameter  growth 
showed  up  in  the  second  growing  season 
between  the  24  by  24  spacings  and  the 
narrower  spacings.   At  the  end  of  3  years 
the  only  mortality  was  in  the  9  by  9  plots, 
tfhich  averaged  10  percent  loss  (fig.  2). 


Crown  Form 


Number  of  branches,  branch  lengths, 
and  branch  angles  were  measured  to 
ascertain  the  effects  of  competition  on 
crown  form  at  an  early  age.  Although 
the  number  of  branches  did  not  vary  sig- 
nificantly among  spacings,  branch  length 
did  (fig.  3).   Differences  in  branch 
length  between  the  9  by  9  and  12  by  12 
plots  were  nonsignificant  (averages  of  34 
in.  and  32  in.,  respectively);  however,  the 
24  by  24  branches  were  significantly  longer 
(44  in.). 


Table  1. — Mean  basal  diameter  and  height  of  3-yr-old   Populus 
'Tristis  #1 '  grown  at  three  spacings  in  irrigated  and 
fertilized  plots 


Spacing 
(Inches) 

:    Basal  diameter 

: 

Height 

:  1970   : 

1971  :  1972 

:  1970 

:  1971 

:  1972 

Inches 

Feet 

9  by  9 

10.32a 

0.60a  0.84a 

0.90a 

5.80a 

10.10a 

12  by  12 

.40a 

.69a    .93a 

.95a 

5.86a 

11.10b 

24  by  24 

.40a 

.91b  1.32b 

1.14a 

6.17a 

12.55c 

Figures  within  a  column  followed  by  the  same 
letter  indicate  they  are  not  significantly  different 
at  the  95  percent  probability  level. 
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Figure  2. — Three-yr-old  plot  of  Populus 
'Tristis  #1 '  planted  at  9  in.   by  9  in. 
spacing. 


Branch  angles  were  influenced  only  at 
the  lower  levels  of  the  crown;  they  were 
slightly  more  acute  in  the  9  by  9  and  12 
by  12  spacings.   Although  figure  3 
accurately  portrays  the  branch  lengths  and 
branch  angles,  it  should  be  noted  that 
all  long  branches  on  the  trees  in  the  plots 
curve  toward  the  vertical.   This  allows 
more  leaves  to  intercept  direct  sunlight 
than  indicated  in  the  graphs. 

Crown  closure  occurred  in  all  spacings 
during  the  second  growing  season  (1971)  and 
by  the  middle  of  the  third  growing  season, 
the  lower  levels  of  all  plots  were  very 
dense  (fig.  4) . 


YIELDS  OF  COMPONENTS 

Dry  Weight 

The  9  by  9  and  12  by  12  plots  produced 
the  equivalent  of  16.68  and  14.83  tons/acre, 
respectively,  of  above-ground  dry  matter 
exclusive  of  leaves  (table  2) .   Although 
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Figure  3. — Crown  form  of  typical  3-yr-old   Populus  'Tristis  #  1' . 
grown  at  three  spacings  in  irrigated  and  fertilized  plots. 


Trees 


sii; 


Figure  4. — Photograph  at  ground  level 
inside  of  24  in.   by  24  in.  spaced  plot 
showing  closed  crowns. 


these  differences  are  small,  they  are  sig- 
nificant at  the  95  percent  probability 
level.   The  24  by  24  plots  produced  only 
about  half  as  much  above-ground  dry  matter 
or  the  equivalent  of  7.93  tons/acre. 

About  66  percent  of  the  total  dry 
weight  yields  from  plots  of  all  three 
spacings  was  wood.   Considering  the  fact 
that  the  total  dry  weight  in  branches 
is  different  between  spacings,  it  is 
meaningful  to  note  that  the  percent  of  total 
dry  weight  in  wood  for  all  plots  was  the 
same  (table  3) .   The  above-ground  yields 
(expressed  in  tons  per  acre)  of  wood  from 
both  stem  and  branches,  was  11.1  for  the 
9  by  9  spacing,  9.8  for  the  12  by  12  spacing 
and  5.3  for  the  24  by  24  spacing.   Consider- 
ing that  they  grew  for  less  than  three  full 
growing  seasons,  it  can  be  assumed  that  the 
9  by  9  plots  produced  the  equivalent  of 
over  4  tons  of  ovendried  wood  per  acre  per 
year.   These  yields  tend  to  corroborate  the 
hypothesis  expressed  by  Gordon  and  Bentley 
(1970)  that  dense  stands  of  narrow-crowned 
plants  with  acute  branch  and  leaf  angles 
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Table  2. — Dry  weight  yields  of  3-yr-old   Populus  'Tristis  #1'  grown  in 
irrigated  and  fertilized  plots^ 


Spacing 
(Inches) 

Stand  density 

:Total  dry2 
:  weight 

:      Stem2 
:Total:Wood:Bark 

Branches    : 

Tips3 

Dead  woody 
material 

Total :Wood: Bark: 

Trees/acre 

Tons/acre 

Tons/acre 

Tons/acre 

Tons/acre 

Tons/acre 

9  by  9 

77,440 

16.68 

13.31  9.72  3.59 

2.97  1.42  1.56 

0.27 

0.13 

12  by  12 

43,560 

14.83 

11.63  8.45  3.18 

2.87  1.36  1.50 

.25 

.10 

24  by  24 

10,890 

7.93 

5.77  4.30  1.47 

2.02   .99  1.03 

.13 

.01 

Average  of  three  plots,  oven  dry  weight, 
2  Extrapolated  to  tons/acre. 
■*  Top  6  inches  of  stem. 


Table  3. — Total  dry  weights  of  components  of  S-yr-old 

Populus  'Tristis  #1 '  grown  in  irrigated  and  fertilized 

plots 

(In  percent) 


Spacing  : Total  tree :   Stem    : Branches 

(Inches) : S  t em : Branches : Tips1 : Deadwood : Wood : Bark : Wood : Bark 


9  by  9 

80 

18 

1 

12  by  12 

79 

19 

1 

24  by  24 

73 

25 

1 

1  Top  6  inches  of  stem. 


73 

74 
74 


27 
26 
26 


47 

47 

48 


5  3 
53 
52 


will  approach  maximum  photosynthetic 
production  of  an  area  very  quickly. 

Our  extrapolated  yields  are  higher  than 
reported  for  both  natural  and  planted  stands 
of  pure  or  mixed  Populus.      For  example,  in 
this  region  Einspahr  and  Benson  (1968)  cal- 
culated the  average  growth  for  commercial 
forest  land  in  the  Lake  States  region  to  be 
22  cubic  feet  (about  0.25  tons)  per  acre 
per  year  under  the  "short  log"  system.  Yields 
are  higher  when  total-tree  harvesting  systems 
were  employed.   Benson  and  Einspahr  (1972) 
reported  yields  of  1,900  pounds  (0.95  tons) 
of  wood  per  acre  per  yr  from  an  18-yr-old 
aspen  stand  in  northern  Wisconsin.   Similarly, 
Napier  (1972)  reported  about  45  tons  dry 
weight  per  acre,  wood  and  bark,  from  a  45  to 
50-yr-old  aspen-red  oak  stand  in  Michigan, 
or  about  1  ton/acre/yr.   Furthermore,  in 
the  Pacific  Northwest  mean  annual  increments 
in  dense  thickets  of  9  to  14-yr-old  red  alder 
were  about  5.8  tons  of  ovendry  stem  wood, 
without  bark,  per  acre  (DeBell  1972). 

A  number  of  researchers  have  recently 
reported  yields  from  dense  plantations  of 
intensively  cultured  hardwoods.   For  example, 
Schreiner  (1970)  reported  2.3  tons/acre/yr 


of  peeled  stem  wood  from  plantations  of 
hybrid  poplars  in  the  Northeast  at  1  by  4  ft 
spacings.   In  Pennsylvania  Bowersox  and 
Ward  (1968)  reported  2.65  tons/acre/yr  yields 
of  ovendry  peeled  stem  wood  of  3-yr-old 
Populus   grown  at  0.5  by  2  ft  spacings.   Simi- 
larly, yields  of  above-ground  material  from 
3-yr-old  sycamore  sprouts  growing  in  the 
Southeast  ranged  from  3.8  tons/acre/yr  in 
4  by  4  ft  spacing  to  7.9  tons/acre/yr  in  1 
by  4  ft  spacing  (Saucier  et  al.    1972). 

Wood/bark  ratios  both  in  stems  and 
branches  did  not  vary  significantly  between 
spacings  (table  3) .   In  stems  there  was 
about  three  times  as  much  wood  as  bark, 
while  in  the  branches  there  was  slightly 
more  bark  than  wood.   This  represents  a 
large  increase  in  the  wood/bark  ratio  when 
compared  to  the  first  year  results  of 
Larson  and  Isebrands  (1972) .   Eighty  percent 
of  the  total  dry  weight  in  the  9  by  9 
spacing  was  in  the  stem  in  contrast  to  73 
percent  in  the  24  by  24  spacing.   This 
difference  was  significant.   Young  and 
Carpenter  (1967)  also  reported  80  percent 
of  dry  weight  in  stems  for  Populus 
tremuloides    from  natural  stands  in  similar 
height  classes. 


From  a  utilization  standpoint,  the  per- 
cent of  total  wood  in  stems  versus  branches 
is  significant,  particularly  if  branches 
are  less  than  1  inch  in  basal  diameter. 
Furthermore,  the  quality  of  pulp  produced 
by  small  branches  is  lower  than  that  pro- 
duced by  larger  branches  and  stems  (Keays 
1971).   As  the  wood  content  of  branches 
decreases  with  decreasing  diameter,  the 
percent  of  bark  and  extractives  increase, 
and  the  overall  yield  is  lower.   Also  the 
costs  of  chipping  and  debarking  small 
branches  is  characteristically  high  (Keays 
1971)  because  of  their  small  diameter. 
Hence,  it  would  seem  a  reasonable  manage- 
ment objective  to  regulate  stands  to  maxi- 
mize the  amount  of  stem  wood. 


SPECIFIC  GRAVITY 

Specific  gravity  is  an  index  of  the 
amount  of  cell  wall  substance  in  the  wood 
and  is  often  used  as  a  measure  of  wood 
quality.   In  P.  'Tristis  //l'  specific 
gravity  varied  considerably  by  stem  posi- 
tion, but  not  significantly  by  plant  spacing 
(table  4). 


The  average  specific  gravity  of  the 
basal  portion  of  the  stem,  which  contains 
the  greatest  volume  of  wood,  ranged  from 
0.377  for  the  9  by  9  to  0.403  for  the  12 
by  12;  the  24  by  24  was  slightly  less  at 
0.401.   At  the  midpoint  of  the  stem  the 
average  specific  gravity  ranged  from 
0.353  to  0.361.   The  lowest  average  was 
found  three  internodes  from  the  tip; 
although  the  volume  from  that  point  to 
the  tip  constitutes  less  than  1  percent 
of  the  total  stem.   Crist  and  Dawson 
(1975)  reported  that  the  mean  specific 
gravity  of  wood  from  the  base,  midpoint, 
and  6  inches  from  the  tip  to  be  0.402 
for  2-yr-old  shoots  of  Populus    'Tristis 
#1';  Larson  and  Isebrands  (1972)  reported 
a  similar  range  in  specific  gravity  in 
1-yr-old  sprout  material  from  the  same 
clone.   Hence,  the  additional  growing 
season  seemed  to  have  no  great  effect  on 


specific  gravity.   Furthermore,  it  is 
important  to  note  that  high  specific 
gravities  at  the  stem  base  may  reflect  a 
high  incidence  of  tension  wood  (Isebrands 
and  Parham  1974) . 

In  comparison,  Einspahr  et  al.    (1972) 
found  specific  gravities  ranging  from 
0.277  to  0.340  in  a  6-yr-old  natural  aspen 
sucker  stand.   In  addition,  Pronin  (1971) 
reported  specific  gravity  of  cores  ex- 
tracted at  breast  height  of  twenty-eight 
50-yr-old  Populus  tremuloides   or  Populus 
grandidentata   trees  in  natural  stands 
in  Wisconsin  ranged  from  0.329  to  0.486. 
The  specific  gravity  of  all  samples  taken 
from  the  base  or  midpoint  in  the  stem  of 
Populus    'Tristis  #1'  in  this  study  are 
within  the  range  of  these  averages.   It 
would  appear  that  the  utilization  potential 
of  3-yr-old  P.  'Tristis  #1'  grown  in  irri- 
gated and  fertilized  stands  may  compare 
favorably  with  native  stands  of  aspen. 


SUMMARY  AND  MANAGEMENT  IMPLICATIONS 

The  results  of  this  preliminary  study 
suggest  that  more  wood  can  be  produced  for 
pulp  manufacture  under  very  short  rotations 
and  nearly  optimal  growing  conditions  than 
in  natural  stands. 

Trees  planted  at  the  closest  spacing 
(9  by  9)  produced  the  most  wood — the 
equivalent  of  over  4  tons/acre/year.   This 
spacing  also  produced  the  largest  percent 
of  dry  weight  in  the  stem  (70  percent) . 

Average  height  and  diameters  were 
significantly  greater  in  the  widest  spaced 
plots  (24  by  24). 

Competition  between  plants  is  effective 
at  a  very  early  age,  as  evidenced  by  the 
variation  in  average  tree  size  and  form. 
The  site  appeared  to  be  totally  occupied 
by  the  Populus   plants  in  all  the  plots  by 
the  end  of  the  second  growing  season. 


Table  4. — Specific  gravity  of  fertilized  and  irrigated 
3-yr-old   Populus  'Tristis  #1 '  shoots  at  three  stem 
positions 


Spacing 
(Inches) 


Three  inter- 
nodes  from  tip 


Average:   Range 


Midpoint 


Basal 


Average:   Range   'Average: 


Range 


9  by  9  0.187 
12  by  12  .193 
24  by  24    .166 


0.154-0.211 
.167-  .214 
.133-  .200 


0.354 
.361 
.353 


0.333-0.383 
.341-  .395 
.341-  .357 


0.377 
.403 
.401 


0.365-0.387 
.377-  .404 
.380-  .421 


J 


Specific  gravity  samples  from  the 
basal  and  middle  portions  of  the  trees  fell 
within  the  range  reported  for  natural  stands 
of  aspen. 

These  results  have  encouraged  us  to 
initiate  larger,  more  comprehensive  studies 
in  this  region  to  determine  the  best  com- 
bination of  clone,  spacing,  and  rotation. 
Additional  research  is  needed  to  find  the 
optimum  manages  ile  environmental  conditions 
for  the  combina  ;ion.   Properly  oriented 
research  studies  could  determine  not  only 
the  biological  parameters  for  intensive 
culture  systems,  but  economic  parameters 
as  well. 
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SEED  CROPS  AND  REGENERATION  PROBLEMS  OF  19  SPECIES 
IN  NORTHEASTERN  WISCONSIN 

Richard  M.  Godman  and  Gilbert  A.  Mattson 


Annual  reports  were  published  from  1949 
hrough  1962  to  provide  the  first  long-term 
ata  on  the  frequency  and  size  of  seed 
rops  for  different  regions  in  the  Lake  States, 
lthough  these  were  discontinued  on  a  regional 
asis  (Rudolf  1963) ,  annual  reports  have 
een  maintained  for  19  species!/  on  the  Argonne 
xperimental  Forest  in  northeastern  Wisconsin 
or  use  with  natural  regeneration  studies, 
hus  we  now  have  a  26-year  record  for  this 
ocality. 

The  timber  stands  on  the  Argonne 
!xperimental  Forest  are  primarily  of 
second-growth  seedling  origin  that  have 
leveloped  following  commercial  cutting  about 
.905.   Within  this  glaciated  area,  the 
ipland  topography  tends  to  have  well  drained 
silt-loam  soils  that  support  a  mixture  of 
species  having  average  site  indices.   Their 
:ree  diameters  range  up  to  the  large  saw 
.og  size.   The  lowland  topography  generally 
supports  the  mixed-conifer-swamp  types 
ilthough  the  jack  pine  and  red  pine  types 
ire  found  on  the  drier,  sandy  sites.   The 
atings  in  table  1  are  based  on  the  main 
:anopy  trees  in  these  types. 

SEED  CROP  FREQUENCY 

As  shown  in  table  2,  the  most  consis- 
:ent  producers  were  quaking  and  bigtooth 
ispen.   Both  had  good  or  better  crops  in 
ibout  2  of  every  3  years.   Only  three  fall- 
laturing  species — American  basswood, 
sastern  hemlock,  and  northern  white-cedar — 
ipproached  this  frequency.   Good  or  better 
seed  crops  occurred  in  about  1  out  of  2 
rears  in  four  species — red  maple,  American 
>lm,  balsam  fir,  and  black  spruce.   All  of 
:he  remaining  10  species  except  black  ash 
ind  red  pine  produced  good  or  better  seed 
irops  about  1  of  every  3  years. 

Bumper  crops  occurred  in  all  species 
ixcept  jack  pine.   Usually,  they  occurred 
Less  frequently  than  did  the  good  crops 
except  in  white  spruce,  northern  white- 
:edar,  American  basswood,  yellow  birch, 


and  red  pine.   The  most  consistent  seed 
producers,  the  two  aspens,  each  had  only 
one  bumper  crop. 

INTERVAL  BETWEEN  SEED  CROPS 

As  shown  in  table  3,  good  or  better 
seed  crops  occurred  at  different  intervals 
in  northeastern  Wisconsin  than  those  reported 
by  Fowells  (1965),  U.S.  Dep.  Agric.  (1974), 
and  Wang  (1974).   These  were  shorter  for 
11  species,  longer  for  5  species,  and  about 
the  same  for  3  species.   The  greatest 
differences  occurred  in  the  aspens  and  in 
black  spruce. 

As  shown  in  the  following  tabulation, 
successive  years  of  good  or  better  seed 
crops  occurred  in  all  species  except  red  pine. 


Good  or 

Poor  or 

Species 

betterll 

failll 

Spring-maturing  species 

Quaking  aspen 

b 

2 

Bigtooth  aspen 

b 

2 

Red  maple 

4 

5 

American  elm 

3 

5 

Fall-maturing  species 

Hardwoods 

Sugar  maple 

2 

2 

Yellow  birch 

2 

3 

Paper  birch 

2 

5 

American  basswood 

3 

2 

White  ash 

2 

4 

Black  ash 

2 

7 

Northern  red  oak 

3 

2 

Conifers 

Eastern  hemlock 

5 

2 

Balsam  fir 

3 

2 

Northern  white-cedar   6 

2 

Eastern  white  pine 

2 

3 

Red  pine 

1 

2 

White  spruce 

2 

J 

Black  spruce 

5 

1 

Jack  pine 

7 

2 

Common  and  scientific  names  are 
listed  on  page  5. 


-  Good  or  better  =  61   to  100  percent 
of  full  crop;  poor  or  fail  =  less  than  36 
percent  of  full  crop. 
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Table   2. — Percentage  of  good  or  better, 
medium,    and  poor  annual  crops  produced 
by   19  northeastern  Wisconsin  species  for 
the  period  1949-1974 


Species 

Years 
Observed 

'Good4 

i' [Medium 

Poor 

_ 

Percent  • 

.   _  _ 

Spring-maturing   species 

Quaking   aspen 

24 

71 

8 

21 

Bigtooth   aspen 

23 

6  5 

13 

22 

Red  maple 

21 

48 

24 

28 

American  elm 

20 

45 

15 

40 

Fall-maturing   species 

Hardwoods 

Sugar  maple 

26 

38 

16 

46 

Yellow  birch 

26 

38 

19 

43 

Paper   birch 

24 

38 

L6 

46 

American  basswood 

26 

62 

7 

31 

White   ash 

26 

38 

8 

54 

Black  ash 

25 

28 

4 

68 

Northern   red   oak_2/ 

21 

38 

19 

43 

Conifers 

Eastern  hemlock 

25 

60 

12 

28 

Balsam  fir 

15 

52 

4 

44 

Northern  white-cedar 

25 

64 

16 

20 

Eastern  white  pinei/ 

2  b 

39 

15 

46 

Red   pine2/ 

25 

16 

24 

60 

White   spruce 

25 

40 

12 

48 

Black  spruce 

25 

52 

24 

24 

Jack  pine2/ 

26 

42 

35 

23 

T7  Good+,  61  to  100  percent 
36-60  percent;  Poor,  less  than  36 
2/  Requires  2  years  to  matu 


of  full  crop;  Mediui 
percent . 
re. 


The  occurrence  and  duration  of  repeated 
crops  were  most  frequent  in  the  aspens, 
several  conifers,  and  basswood;  it  was  leas 
frequent  in  other  fall-maturing  hardwood. 
The  longest  period  of  successive  good  or 
better  seed  crops  was  7  years  in  jack  pine, 
followed  by  6  years  in  both  aspens  and 
northern  white-cedar,  and  5  years  in  easter 
hemlock  and  black  spruce.   Consecutive 
bumper  seed  crops  occurred  at  least  once  in 
eight  species;  one  3-year  period  occurred 
in  white-cedar.   Three  successive  2-year 
bumper  crops  occurred  in  basswood. 

All  species,  except  black  spruce, 
had  successive  years  of  poor  crops  or 
failures.   The  longest  consecutive  period 
was  7  years  in  black  ash  followed  by  5 
years  in  paper  birch,  American  elm,  and  red 
maple  and  4  years  in  white  ash.   In  other 
species,  the  duration  of  poor  crops  seldom 
exceeded  2  years.   The  5-year  period  1965 
through  1969  was  exceptionally  poor  for  all 
species. 


SILVICULTURAL  CONSIDERATIONS 

In  northeastern  Wisconsin,  only  sugar 
maple  reproduces  in  abundance  on  unscarifie 
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Table  3. — Ranges  of  good  or  better  seed  crops  for  19  species 
in  northeastern  Wisconsin  during  the  period  1949-1974  as 
compared  with  ranges  reported  for  same  species  in  the 
United  States  and  Canada 

(In  years) 


Species        :Noi 

theast  Wisconsin!/ 

United  States^/ 

Canada^/ 

Spring-maturing  species 

Quaking  aspen 

1-3(1.4) 

4-5 

4-5 

Bigtooth  aspen 

1-3(1.5) 

4-5 

4-5 

Red  maple 

1-6(2.1) 

1 

2+ 

American  elm 

1-6(2.2) 

— 

1 

Fall-maturing  species 

Hardwoods 

Sugar  maple 

1-4(2.6) 

2-5 

3-7 

Yellow  birch 

1-4(2.6) 

1-2 

2 

Paper  birch 

1-8(2.7) 

1 

1-2 

American  basswood 

1-3(1.6) 

1 

2 

White  ash 

1-6(2.6) 

— 

3-5 

Black  ash 

1-8(3.6) 

~ 

2 

Northern  red  oak 

1-7(2.6) 

2-5 

2-3+ 

Conifers 

Eastern  hemlock 

1-3(1.7) 

2-3 

2-4 

Balsam  fir 

1-3(1.9) 

2-4 

2-4 

Northern  white-cedar 

1-3(1.6) 

3-5 

2-4 

Eastern  white  pine 

1-7(2.6) 

3-5 

3-5 

Red  pine 

3-11(6.2) 

3-7 

3-7 

White  spruce 

1-5(2.5) 

2-6 

2-6 

Black  spruce 

1-4(1.9) 

4 

4-5 

Jack  pine 

1-6(2.4) 

3-4 

3-4 

±1  Averages  shown  in  parentheses. 
2/  As  reported  by  Fowells  (1965) . 
3/  As  reported  by  Wang  (1974). 

seedbeds  although  good  or  better  crops  of 
other  species  occur  at  the  same  or  even 
greater  frequency.   The  ease  of  obtaining 
regeneration  of  sugar  maple  can  be  attri- 
buted largely  to  the  rapid  development  and 
strength  of  the  radicle  of  the  germinating 
seed.   This  radicle  is  capable  of  penetrating 
thick  layers  of  leaves  or  compacted  soils 
to  reach  the  moist,  mineral  soil,  which  is 
necessary  for  survival. 

In  other  species — particularly  those 
bearing  light  seeds — it  is  doubtful  whether 
appreciable  numbers  of  seeds  have  conditions 
favorable  for  germination  on  undisturbed 
seedbeds.   Those  that  do  germinate  are 
usually  characterized  by  very  slow  growth 
and  weak  radicles  that  lack  the  capability 
for  survival.   Therefore,  establishment 
of  regeneration  in  conjunction  with  planned 
cuts  requires  both  an  adequate  seed  supply 
and  some  degree  of  site  preparation  among 
light-seeded  species  because  of  their  highly 
specific  seedbed  requirements. 

The  aspens,  for  example,  are  prolific 
seed  producers,  but  the  seeds  seldom  germi- 
nate unless  the  seedbeds  are  scarified  or 
burned.   When  the  seedbed  is  burned,  aspen 


seedlings  have  been  known  to  comprise  20  to 
35  percent  of  all  seedlings  after  six 
growing  seasons  even  though  the  shelterwood 
overstory  had  no  aspen  and  all  seeds 
had  to  blow  in  from  surrounding  stands. 2' 

Other  studies  of  site  disturbance  from 
harvesting  have  shown  that  few  desirable 
seedbeds  are  created  regardless  of  the  season 
of  logging  in  the  Lake  States  (Church  1961) . 
Therefore,  site  preparation  required  for 
both  the  germination  and  establishment  of 
many  species  must  be  coordinated  with  good 
seed  crops  to  improve  the  chances  of  securing 
the  preferred  species.   The  interval  and 
duration  of  poor  seed  crops  or  failure  are 
often  more  important  than  the  frequency  of 
good  years.   Scarified  sites,  for  example, 
may  revegetate  to  their  initial  cover  in 
less  than  3  years  (Godman  and  Krefting  1960) 
and  the  benefits  of  reduced  competition  can 
be  lost  before  a  good  or  better  seed  crop 
occurs. 


3/ 

Unpublished  data  on  fxle  at  the 

North  Central  Forest  Experiment  Station, 
Northern  Hardwoods  Laboratory ,   Marquette, 
Michigan. 


Although  the  annual  record  of  seed  crops 
provides  general  guides  on  the  probability 
of  good  or  better  seed  years,  more  reliable 
estimates  of  seed  crops  in  fall-maturing 
species  can  be  made  from  projections  based 
on  the  crop  size  of  spring-maturing  red 
maple  and  American  elm  (table  4) .   Based 


One  of  the  most  consistent  f all-maturinj 
seed  producers,  American  basswood,  rarely 
reproduces  from  seed  in  many  localities 
regardless  of  seedbed  conditions.   Of  7,435 
identifiable  basswood  seeds  we  found 
throughout  the  litter  on  72  1-square-f oot 
plots  under  the  crown  perimeter  of  mature 


Table  4. — Years  between  1949-1974  that  fall-maturing  species  had  the 
same  size  seed  crop  as  two  spring -maturing  species  (red  maple  and 
American  elm)   in  northeastern  Wisconsinl/ 

(In  percent) 


Fall-maturing 
species 

Spring-maturing  sp 

ecies 

Red  ma 

pie 

Ame 

rican 

elm 

Good  cr 

op 

Medium 

crop:Poor  crop 

Good  c 

rop 

: Medium  cr 

op 

Poor  crop 

(10  yrs 

•  ) 

(5  yrs 

.)   :(6  yrs 

) 

(9 

yrs 

.) 

:  (3 

yrs.) 

(8 

yrs.) 

Hardwoods 

Sugar  maple 

70 

40 

83 

56 

33 

88 

Yellow  birch 

60 

80 

83 

67 

67 

75 

Paper  birch 

60 

75 

100 

56 

50 

88 

American  basswo 

od 

90 

80 

50 

89 

67 

38 

White  ash 

40 

60 

83 

33 

33 

50 

Black  ash 

22 

40 

67 

12 

67 

62 

Northern  red  oa 

k2/ 

5  7 

60 

50 

38 

67 

62 

Conifers 

Eastern  hemlock 

90 

60 

33 

89 

0 

38 

Balsam  fir 

70 

50 

67 

89 

0 

62 

Northern  white- 

cedai 

90 

100 

SO 

89 

50 

50 

Eastern  white  p 

ine2/ 

'   50 

40 

50 

44 

33 

38 

Red  pine2/ 

20 

50 

67 

11 

50 

62 

White  spruce 

60 

50 

50 

56 

0 

75 

Black  spruce 

80 

50 

33 

78 

0 

50 

Jack  pine2/ 

70 

80 

17 

56 

33 

25 

1/   Based  on  years  both  species  had  reported  seed  crops. 
2/   Requires  2  years  to  mature. 


on  the  years  of  record  now  available,  seed 
crop  size  of  the  fall-maturing  species  shows 
more  consistent  agreement  with  red  maple  than 
American  elm  for  most  hardwoods  and  conifers. 
The  occurrence  of  good  or  better  seed  crop 
in  red  maple  indicates  that  comparable  seed 
crops  could  be  expected  from  60  percent  to 
90  percent  of  the  time  for  all  1-year  fall- 
maturing  species,  except  white  and  black 
ash.   The  chances  are  even  better  for  a  poor 
seed  crop  or  failure  among  fall-maturing 
species  (especially  hardwoods)  if  such 
occurs  the  preceding  spring  in  red  maple. 

The  presence  of  an  appaient  seed  crop, 
even  with  site  preparation,  will  not  always 
assure  adequate  regeneration.   In  some  years, 
the  outer  seed  coat  may  develop  but  few  seed 
may  actually  form.   Germinative  capacity  is 
known  to  vary  from  tree  to  tree  and  from 
year  to  year;  for  many  of  the  preferred 
species,  it  is  relatively  low. 


trees  in  the  spring  of  1973,  only  2  percent 
were  sound. 3/  All  the  older  seeds  that  were 
covered  by  leaves  had  rotted  and  most  of 
the  seeds  lying  on  or  in  the  upper  leaf  laye 
had  been  destroyed  by  rodents.  We  didn't 
find  any  evidence  of  newly  germinated  or 
older  seedlings  despite  the  abundance  of 
seed. 


Until  more  specific  methods  can  be  de- 
veloped to  assure  adequate  regeneration  of 
preferred  species  other  than  sugar  maple  at 
the  time  they  are  desired,  the  most  success- 
ful approach  should  be  to  correlate  site 
preparation  with  the  occurrence  of  good  or 
better  seed  crops.   The  earliest  and  most 
reliable  predictions  of  crop  size  in  the 
1-year  fall-maturing  species  can  be  obtainec 
from  the  size  of  the  crop  of  the  spring- 
maturing  red  maple  because  seed  crops  occur 
at  irregular  intervals  for  most  species. 
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COMMON  AND  SCIENTIFIC  NAMES  OF  SPECIES  MENTIONED 


Spring-maturing  species 

Quaking  aspen 

Bigtooth  aspen 

Red  maple 

American  elm 
Fall-maturing  species 
Hardwoods 

Sugar  maple 

Yellow  birch 

Paper  birch 

American  basswood 

White  ash 

Black  ash 

Northern  red  oak 
Conifers 

Eastern  hemlock 

Balsam  fir 

Northern  white-cedar 

Eastern  white  pine 

Red  pine 

White  spruce 

Black  spruce 

Jack  pine 


Populus  tremuloides   Michx. 
Populus  grandidentata   Michx. 
Acer  rubrum   L. 
Ulmus  americana   L. 


Acer  saccharum   Marsh. 
Betula  alleghaniensis   Britton 
Betula  papyrifera   Marsh. 
Tilia  americana   L. 
Fraxinus  americana   L. 
Fraxinus  nigra   Marsh. 
Quercus  rubra   L. 

Tsuga  canadensis    (L.)  Carr. 
Abies  balsamea   (L.)  Mill. 
Thuja  occidentalis   L. 
Pinus  strobus   L. 
Pinus  resinosa   Ait. 
Picea  glauca   (Moench)  Voss 
Picea  mariana    (Mill)  B.S.P. 
Pinus  banksiana   Lamb . 
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WOOD  PROCUREMENT  PRACTICES  AND  PROBLEMS 
OF  ILLINOIS  PULPMILLS 

David  C.  Baumgartner 


The  present  paper  is  the  first  of  an 
itended  series  to  describe  pulpwood  marketing 
a  Illinois  and  consider  the  impacts  of 
Dssible  pulpwood  industry  expansion  on 
arious  forestry  interests  in  the  State.   A 
966  study  (Holland,  Kallio,  and  Quigley 
966)  showed  that  wood  supplies,  water, 
transportation,  and  labor  resources  in  the 
tate  were  favorable  for  expansion.   If 
spansion  occurs,  each  forestry-related 
nterest  group  in  Illinois  would  be  affected 
Dmewhat  differently.   The  intended  research 
sries  should  help  minimize  the  problems 
hat  might  accompany  expansion,  so  that  full 
otential  benefits  could  be  realized. 

The  purpose  of  this  first  paper  is  to 
resent  basic  data  showing  how  the  pulp  and 
aper  industry  in  Illinois  obtains  its 
ood  supply,  and  to  document  recent  changes, 
uture  plans,  and  problem  areas  in  the 
ndustry . 

STUDY  METHODS  AND  OBJECTIVES 

During  the  summer  of  1974  a  representa- 
ive  from  each  woodpulp  mill  in  Illinois  was 
nterviewed.   The  information  obtained^', 
ogether  with  data  from  earlier  studies  was 
sed  to  achieve  the  following  objectives: 

1.  To  obtain  current  information  on 
the  wood  purchasing  practices  of 
pulpwood  users  in  Illinois  in- 
cluding:  (a)  amount  and  type  of 
wood  purchased,  (b)  prices  paid 
for  wood — the  degree  of  price 
variations  and  reasons  for  them, 
and  (c)  wood  sources  and  methods 
of  delivery. 

2.  To  determine  future  use  of  pulpwood 
by  Illinois  firms. 

3.  To  identify  present  and  future 
problems  of  pulpwood-using  firms. 

4.  To  assemble  data  for  studies  that 
will  help  provide  a  complete 
picture  of  pulpwood  marketing  in 
Illinois  and  the  Central  States 
region. 


DESCRIPTION  OF  THE  PULPWOOD  INDUSTRY  IN  ILLINOIS 

In  1973  the  pulping  capacity  of  Illinois' 
eight  woodpulp  mills  (fig.  1)  was  865  tons  per 
day  or  57  percent  of  the  total  daily  capacity 
of  the  four  Central  States  of  Illinois,  Indiana, 
Iowa,  and  Missouri  (Blyth  1973).   Both  the 
number  of  mills  and  the  pulping  capacity  has 
remained  stable  during  the  past  20  years. 
Receipts  of  pulpwood  by  Illinois  mills  have, 
however,  increased  steadily  in  recent  years 
from  90,000  standard  cords  in  1965  to  193,000 
in  1973  (Blyth  1966,  1975).   Illinois  pulpwood 
production  has  also  increased  from  92,000 
standard  cords  in  1965  to  146,000  in  1973. 
These  increases  in  production  and  receipts  were 
due  to  using  more  pulpwood  and  less  substitute 
materials  in  the  pulp  mix,  and  to  utilizing 
a  higher  percent  of  pulping  capacity  (Blyth  1969) 


The  following  tabulation  for  1973 
shows  that  Illinois  is  a  net  importer  of 
pulpwood  even  though  some  wood  is  exported 
to  other  States  (Blyth  1975). 


Pulpwood  produced  in  Illinois 
Exported  to  other  States 
Illinois  production  consumed 

within  State 
Imports  consumed  in  Illinois 
Total  receipts  of  Illinois  mills 


Standard  cords 
145,522 
46,467 


99,055 

93,667 

192,722 


The  interview  form  is  available  from 
he  author. 


Missouri  was  the  most  important  exporter 
of  pulpwood  to  Illinois;  most  Illinois  exports 
stayed  within  the  Central  States  Region  or 
went  to  adjacent  Kentucky. 

Wood  residues,  rather  than  roundwood  or 
roundwood  chips,  make  up  more  and  more  of 
the  wood  used  by  Illinois  mills.   Residues 
rose  from  24  percent  of  receipts  in  1965  to 
nearly  64  percent  in  1973  (Blyth  1966,  1975). 

Seven  of  the  eight  Illinois  woodpulp 
mills  employ  the  groundwood  or  mechanical 
pulping  method  and  produce  roofing  felts  and 
insulation  materials.  Two  of  these  seven 
also  process  the  felt  further  into  roofing 
and  one  produces  a  wide  range  of  building 
materials.   The  1973  pulping  capacity  of 
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Figure  1.— Location  of  Illinois  pulpmills  and  wood-chipping  plants; 
harvest  of  pulpwood  bolts  in  standard  cords  by  county,    1973. 


lese  groundwood  mills  ranged  from  30  to 
>0  tons  per  24-hour  day  and  averaged  about 
)  tons  per  day.   One  mill  with  a  capacity 
:  300  tons  per  day  used  a  semichemical 
rocess  and  produced  boxboard.   Six  of  the 
Lght  Illinois  mills  were  operating  at  or 
»ar  full  capacity  in  1973;  one  was  operating 
:  75  percent  of  capacity,  and  one  at  50 
ircent.   No  significant  changes  in  the 
;rcent  of  capacity  used,  the  pulping  process, 
:  the  materials  produced  have  occurred  since 
169. 

The  percent  of  wood  to  wastepaper  used 
l  the  pulp  mix  varied  from  15  percent  to 
>re  than  50  percent.   Most  firms  used  about 
>  percent  wood  and  about  55  percent  waste- 
iper.   Very  little  change  in  the  ratio  of 
>od  to  paper  is  possible  in  the  groundwood 
Ills.   The  single  semichemical  mill  would, 
>wever,  be  capable  of  using  up  to  100 
:rcent  of  either  wood  or  wastepaper  in  its 
lip  mix. 

All  of  the  Illinois  woodpulp  mills 
ive  been  operating  at  their  present  locations 
>r  more  than  50  years  and  all  are  owned  by 
irent  firms  with  wood-using  plants  in 
:her  States.   Two  of  the  Illinois  mills 
re  owned  by  the  same  firm.   All  the  mills 
:e  located  on  major  water  and  railways. 

In  addition  to  the  eight  plants  that 
■oduced  woodpulp  in  Illinois  in  1973,  there 
is  at  least  one  permanent  and  several 
>rtable  or  semiportable  operations  that 
ly  and  chip  pulpwood  for  resale  to  pulping 
.ants.   Several  pulp  and  paper  mills  located 
i  adjacent  States  also  influence  the  Illinois 
ilpwood  market. 


AMOUNT,  TYPE,  AND  SOURCE  OF  WOOD  USED 

Of  the  193,000  cords  of  pulpwood  used 
r  Illinois  pulpmills  in  1973,  only  about 
)  percent  was  purchased  as  roundwood. 
>ur  mills  bought  and  chipped  roundwood 
it  only  one  of  these  purchased  more 
mndwood  than  chips.   Two  other  mills 
lintained  chippers  that  could  be  used  if 
;eded.   Purchased  chips  from  wood  residues 
:counted  for  nearly  64  percent  of  all 
ilpwood  used  and  the  remaining  17  percent 
is  chips  from  roundwood.   More  than  80 
;rcent  of  all  the  wood  used  was  hardwoods. 


Only  about  one-third  of  the  pulpwood 
sed  in  Illinois  was  handled  by  an  inter- 
2diary  agent  or  dealer.   The  rest  was 


purchased  directly  from  a  roundwood  producer 
or  chip-producing  plant  and  normally 
delivered  to  the  pulpmill  by  the  producer, 
as  none  of  the  Illinois  mills  purchased 
any  of  their  own  stumpage  or  did  any 
logging. 

As  stated  earlier,  about  99,000  cords, 
or  more  than  half  of  the  wood  used  by 
Illinois  pulpmills,  was  produced  within  the 
State. 

The  pattern  of  pulpwood  production  by 
county  clearly  indicates  that  most  Illinois 
pulpwood-using  plants  operate  in  a  more  or 
less  distinct  timbershed  (fig.  1).   Chip 
production  from  residue  shows  a  similar 
county  production  pattern. 

The  type  and  source  of  the  nearly 
94,000  cords  of  wood  that  were  imported 
by  Illinois  in  1973  is  shown  in  the  following 
tabulation: 


Hardwood  residue 

from  Missouri 
Softwood  residue 

from  the  Lake  States 
Hardwood  roundwood 

from  Indiana 
Hardwood  residue 

from  the  Lake  States 
Softwood  residue 

from  Iowa 
Other  wood 

from  Central  and  Lake  States 
Miscellaneous  wood 

from  Mississippi,  Tennessee, 

Alabama,  and  other  States 


Total  imports 
(Percent) 

36 

17 

JO 


17 


8 

100 


RECEIPT  AND  INVENTORY  PATTERNS 

Three  of  the  eight  pulpmills  in 
Illinois  obtained  their  wood  in  equally 
spaced  deliveries  throughout  the  year  and 
had  no  seasonal  pattern  of  receipts. 
Two  of  these  operated  with  residues  from 
a  few  large,  dependable,  out-of-State 
producing  plants  and  the  third  obtained 
roundwood  and  chips  through  a  dependable 
agent.   These  firms  had  very  little  storage 
capacity  and  maintained  no  more  than  a  few 
days  inventory.   The  five  other  firms  did 
experience  some  seasonal  variation  in  their 
patterns  of  wood  receipts  in  1973  but  there 
was  very  little  uniformity  in  these  patterns, 
except  for  a  tendency  to  increase  inventories 


in  early  and  midwinter  followed  by  a  slump 
in  late  winter  and  early  spring.   Most  of 
the  mills  said  that  no  typical  pattern  of 
receipts  could  be  expected  and  that  weather 
and  local  influences  often  affected  receipts 
unpredictably. 

More  than  30-days-supply  was  rare. 
Inventories  were  limited  both  by  space  and 
by  the  firm's  ability  to  use  wood  before  it 
deteriorated.   All  the  mills  would  have 
preferred  to  have  a  uniform  pattern  of 
receipts  and  uniformly  low  inventories  if 
dependable  supplies  could  have  been  obtained. 


PRICES  AND  TRANSPORTATION  METHODS 

The  average  price  paid  for  pulpwood  by 
Illinois  mills  in  1973  varied  from  $9,40  per  ton 
for  hardwood  roundwood  delivered  to  the  mill 
by  a  producer,  to  $21.00  per  ton  for  softwood 
roundwood  delivered  by  an  agent  (table  1) . 
Wood  delivered  by  agents  was  priced  higher 
than  that  purchased  directly  from  producers, 
chips  were  priced  higher  than  roundwood, 
and  softwood  was  generally  somewhat  more 
expensive  than  hardwood.   The  high  price  of 
softwood  roundwood,  however,  is  partially 
due  to  the  fact  that  only  a  small  amount  of 
this  material  was  purchased  when  local 
shortages  occurred  and  had  to  be  shipped  long 
distances. 

Pulpmills  that  purchased  most  of  their 
wood  from  one  or  two  large,  stable,  out-of- 
State  firms  experienced  little  or  no  variation 
in  the  price  paid  for  wood  in  1973  or  recent 
previous  years.   Wood  obtained  from  local 
producers  was  subject  to  more  price 
variation  and  the  prices  charged  by  agents 

Table  1. — Prices  paid  for  pulpwood  by 
Illinois  pulpmills  in  1973  by  type  of 
wood  and  marketing  agent 

(In  dollars  per  ton  F.O.B.  mill) 


Type  of  wood  and 

: Highest 

Lowest 

Average 

marketing  agent 

:  price 

price 

:  price 

Hardwood  roundwood 

from  producers 

$10.50 

$  8.00 

$  9.40 

Hardwood  roundwood 

from  agents 

22.00 

8.50 

16.00 

Hardwood  chips 

from  producers 

21.00 

8.00 

13.64 

Softwood  roundwood 
from  agentsi' 

22.00 

20.00 

21.00 

Softwood  chips 

from  producers 

21.00 

12.00 

16.31 

varied  widely.   Pulpwood  prices,  generally, 
increased  substantially  in  early  1974. 

Six  of  the  Illinois  mills  reported  high 
to  moderate  competition  for  wood  while  the 
other  two  reported  little  or  no  competition. 
In  general  the  mills  that  purchased  from 
one,  or  a  few  large,  distant,  dependable 
sources  reported  little  or  no  competition 
for  wood;  those  buying  from  numerous  local 
sources  faced  more. 

The  price  of  wastepaper  purchased  by 
Illinois  mills  more  than  doubled  during 
1973,  averaging  about  $18  per  ton  for  mixed 
paper  in  early  1973  and  rising  to  an  average 
of  $42  per  ton  by  early  1974.   Corrugated 
paper  was  much  higher  in  price,  sometimes 
costing  twice  as  much  as  mixed  paper. 

Seven  of  the  eight  Illinois  pulpmills 
provided  transportation  data  and  averaged 
70  percent  of  their  wood  by  truck  and  30 
percent  by  rail;  all  received  at  least  some 
wood  by  rail  and  one  obtained  all  its  wood 
by  rail.   Even  though  most  of  the  mills 
were  located  on  major  waterways  carrying 
barge  traffic,  none  had  water  loading 
facilities,  so  no  raw  material  or  output 
from  the  mills  was  shipped  by  water. 
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The  length  of  the  truck  haul  to 
Illinois  mills  varied  from  5  to  300  miles. 
Three  of  the  mills  received  wood  trucked  45 
to  50  miles.   Two  mills  had  an  average  truck  (eetin 
haul  distance  of  about  100  miles  and  one  did 
not  report  its  average  distance. 


The  distance  wood  was  shipped  by  rail 
ranged  from  65  to  600  miles.   One  mill  had 
and  average  rail  haul  of  200  miles,  three 
an  average  of  350  miles,  and  three  an 
average  between  500  and  600  miles. 


CHANGES  IN  THE  ILLINOIS  PULPWOOD  INDUSTRY 


Most  Illinois  pulpmills  noted  a 
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_'    No  softwood  roundwood  was  purchased 
from  producers. 


increase  in  competition  for  wood  during  the 
period  of  1964-1973 — particularly  in  the 
early  1970 's — and  they  expected  further 
increases.   The  number  of  suppliers  of 
roundwood  serving  the  needs  of  the  Illinois 
mills  declined  from  139  in  1968  to  120  in 
1972  and  to  only  77  in  1973.   The  number 
of  chip  suppliers,  however,  increased  from 
20  in  1968  to  28  in  1972  and  to  44  in  1973, 
obviously  paralleling  the  steady  shift  from 
roundwood  to  residue  as  a  raw  material. 
Further  increases  in  the  use  of  residues  are  \ 
likely  because  three  mills  plan  to  increase 
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sir  use  of  chips  and  another  reported  that 
would  like  to  increase  chip  use  if  chips 

re  available.   This  shift  from  roundwood 
residue  has  been  without  doubt  the  most 

jnificant  development  affecting  the 

linois  pulpwood  industry  in  recent  years. 

Transportation  methods  have  changed 
ry  little  in  the  last  10  years  except  for 
slight  increase  in  the  percent  of  wood 
ipments  received  by  rail. 


INDUSTRY  CONCERNS 

Many  pulpmills  were  concerned  with 
e  fact  that  some  sawmills,  either 
rrently  supplying  wood  residues  or 
th  potential  for  supplying  them,  were 
ing  out  of  business.   Others  felt  that 
wmills  were  using  smaller  logs  that 
eviously  would  have  been  available  for 
lpwood.   There  was  general  concern  that 
cal  chip  shortages  and  the  exhaustion  of 
cal  roundwood  resources  would  necessitate 
ansporting  wood  from  more  distant  points, 
mpetition  for  local  wood  from  large  firms 
tending  their  supply  radii  and  capable  of 
fluencing  local  prices  was  an  important 
ncern,  particularly  for  the  small  mills 
at  were  more  reliant  on  local  wood 
ppliers.   Two  mills  also  expressed  con- 
rn  over  the  increasing  difficulty  in 
eting  environmental  standards. 


SUMMARY  AND  CONCLUSIONS 

The  number  of  Illinois  pulpmills  and 
ant  capacity  have  remained  quite  stable 
ring  the  past  20  years.   However, 
lpwood  production  and  mill  receipts  in 
linois  have  both  steadily  increased  due 
an  increased  proportion  of  wood  in  the 
Ip  mix  and  to  greater  utilization  of 
ant  capacity.   The  sale  of  Illinois 
lpwood  to  mills  in  adjacent  States  has 
so  affected  production. 

In  1973,  about  two-thirds  of  all 
Lpwood  used  in  Illinois  was  supplied 
trectly  by  producers  and  about  one  third 
an  agent  who  bought  from  producers. 
re  than  80  percent  of  all  the  wood 
°d   was  hardwood.   Wood  residues 
bounted  for  nearly  64  percent  of  all 
3d  used.   Slightly  more  than  half  of 
fe  pulpwood  used  was  produced  within  the 
ite  and  the  remainder  was  imported, 


primarily  from  Missouri,  Indiana,  and 
the  Lake  States. 


Receipts  and  inventories  by  Illinois 
pulpmills  varied  only  slightly  by  season 
but  were  subject  to  unpredictable  local 
influences.   Seventy  percent  of  the  pulpwood 
was  delivered  by  truck  and  the  remainder  by 
rail.   Most  Illinois  firms  reported  a  high 
to  moderate  degree  of  competition  for  wood. 
Wood  prices  varied  by  source  and  type  of 
wood  purchased  and  with  general  market 
factors.   Both  wood  and  wastepaper  prices 
increased  substantially  in  late  1973  and 
1974. 

The  most  significant  change  in  the  Illinois 
pulpwood  industry  since  1964  has  been  the 
rapid  increase  in  the  amount  of  wood  residues 
used.   Paralleling  this  increase  was  a  decrease 
in  the  number  of  roundwood  suppliers  and  an 
increase  in  the  number  of  chip  suppliers. 
Competition  for  wood  increased.   Most  firms 
felt  that  competition  and  resulting  wood 
price  increases  would  be  the  major  problem 
of  the  future.. 
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SIXTEEN  YEARS  OF  SELECTION  SILVICULTURE  IN  UPLAND  HARDWOOD  STANDS 


Richard  C.  Schlesinger 


Although  selection  silviculture  changes 
forest  gradually,  the  cumulative  effects 
rer  a  long  period  of  time  may  be  great. 
),  to  evaluate  such  a  system,  we  need  to 
iderstand  both  its  short-term  and  long- 
:rm  effects  on  particular  forest  types. 

A  study  of  several  management  systems 
1  upland  hardwood  stands  in  southern 
.linois  showed  some  short-term  changes  to 
;  fewer  cull  and  low  quality  trees,  fewer 
lall  trees,  and  indications  that  white 
ik,  hickory,  and  yellow-poplar  are  re- 
.acing  the  red  oaks  as  the  dominant  species. 

BACKGROUND 

Several  variations  of  uneven-aged 
nagement  were  tested  on  upland  hardwood 
ands  in  the  Kaskaskia  Experimental  Forest 
.  southern  Illinois.   Management  units 

to  30  acres  in  size  were  classified  into 
o  general  productivity  groups.   The  high 
oductivity  group  (10  mixed  hardwood  units) 
s  located  on  northerly  slopes  and  in 
ist  coves  (fig.  1  left).   The  lower  pro- 
ctivity  group,  (11  oak-hickory  units) 


1  Study  initiated  and  conducted  under 
e  general  supervision  of  Leon  S.   Minckler. 


was  confined  to  the  drier  ridgetops  and 
southerly  slopes  (fig.  1  right).   Oak 
site  index  ranged  from  50  to  80. 

Initially,  the  stands  contained  two 
to  four  separate  age  classes  and  were  only 
moderately  stocked  with  growing  stock 
trees.   The  management  variations  tested 
included  (1)  cutting  cycles  of  4  versus 
8  years  on  the  better  sites  and  8  versus 

16  years  on  the  poorer  sites,  (2)  growing 
the  better  trees  to  20  inches  d.b.h. 
(diameter  at  4.5  feet  above  the  ground) 
versus  25  inches  on  the  better  sites  and 

17  inches  versus  22  inches  on  the  poorer 
sites,  and  (3)  intensive  treatment  of  the 
uncut  portion  of  the  stands  (killing  un- 
merchantable trees  and  weeding  the  repro- 
duction) versus  no  treatment.   The  planned 
harvest  from  the  mixed  hardwood  areas  was 
150  board  feet  (1/4"  International  Rule) 
per  acre  per  year  and  75  board  feet  from 
the  oak-hickory  areas. 


The  silvicultural  system  applied  to 
all  units  was  a  form  of  small  group  selec- 
tion.  The  merchantable  cut  was  composed 
of  trees  above  the  maximum  size  objective 
plus  low  quality  and  poor  risk  smaller 


Figure  1. — The  photo  at  the   left  shows  one  of  the  mixed  hardwood  sites 
before   treatment.      The  trees  have  good  form  and  are  closely  spaced. 
The  photo  at  the  right  shows  one  of  the  oak-hickory  sites  before 
treatment.      The   trees  are  generally  shorter  and  of  poorer  quality. 


sawtimber  trees.   Cull  and  inoperable 
trees  were  killed  following  each  cutting 
on  the  intensive  treatment  units  (all  but 
two  units  on  the  mixed  hardwood  areas  and 
one  unit  on  the  oak-hickory  areas) .   Small 
openings  (averaging  1/10  acre)  were  created 
for  regeneration  by  cutting  groups  of  trees, 
During  later  treatments,  an  attempt  was 
made  to  create  openings  of  at  least  1/8 
acre  and  to  clear  the  openings  of  saplings 
and  poles  immediately.   Pines  were  planted 
in  the  openings  following  the  first  harvest 
on  three  of  the  oak-hickory  units  but  this 
practice  was  discontinued  because  survival 
was  poor.   Inventories  of  all  trees  larger 
than  4.5  inches  d.b.h.  were  made  before 
each  treatment. 

The  management  treatments  would  not 
be  expected  to  differentially  affect  the 
stands  during  the  16-year  period,  and 
indeed  we  found  no  significant  differences 
between  treatments.   Because  the  silvicul- 
tural  system  was  the  same  for  all  manage- 
ment treatments,  the  data  from  all  units 
within  each  productivity  group  were  com- 
bined to  assess  the  general  changes  in 
the  forest. 


2  Unacceptable  growing  stock  between 
5  and  10  inches  d.b.h.  These  trees  could 
have  been  sold  for  mine  props  or  pulpwcod 
if  a  market  had  existed. 


CHANGES  AFTER  16  YEARS 

The  principal  changes  after  16  years 
were  in  the  stand  structure  and  in  the 
overall  stand  quality.   In  addition,  there 
were  strong  indications  that  stand  compo- 
sition will  change  in  the  future.   The 
main  overstory  species,  initially  and 
after  16  years  were  white  oak  (Quercus 
alba   L.),  hickory  (Carya   sp.),  and  the 
red  oaks  (Q.    velutina   Lam.,  Q.    coccinea 
Muenchh.,  and  Q.    rubra   L.).   Yellow- 
poplar  (Liriodendron  tulipifera   L.)  grew 
on  the  better  sites,  and  post  oak  (Q. 
stellata   Wangenh.)  was  found  on  the  oak- 
hickory  areas .   The  red  oak  group  was 
the  chief  component  of  the  stands  during 
the  16  years. 

On  the  mixed  hardwood  areas,  both 
the  number  of  trees  and  the  total  basal  arei 
decreased  (table  1).   The  decrease  occurred 
in  the  smaller  sizes;  there  were  21  fewer 
trees  per  acre  between  5  and  10  inches  d.b.h, 
The  red  oak  group  accounted  for  almost  half 
the  decrease,  all  in  the  smaller  sizes. 
This  group  appears  to  be  essentially  an 
even-aged  component  of  the  stands.   The 
average  d.b.h.  increased  from  11.5  to  14 
inches,  some  of  the  smaller  trees  grew 
into  sawtimber,  replacing  the  trees  that 
were  harvested  (table  2) ,  and  some  mortality 
occurred.   Little,  if  any,  ingrowth  into 
the  5-inch  class  took  place. 


Table  1. — Mixed  hardwood  growing  stock 


ORIGINAL 

STAND 

(TREES  PER 

ACRE) 

D.b.h.  (inche 

s) 

[Hickor> 

:White 
:  oak 

:Red  oak:Y 
:  group  :p 

ellow- • 
oplar  : 

Misc . 

^Total 

5-  7 

10.0 

8.7 

6.1 

0.9 

3.3 

29.0 

8-10 

5.2 

5.6 

9.1 

1.5 

1.9 

23.3 

11-17 

4.5 

5.9 

15.3 

3.1 

3.6 

32.4 

18+ 

Total 

.8 

1.2 

3.4 

.7 

.2 

6.3 

20.5 

21.4 

33.9 

6.2 

9.0 

91.0 

AFTER  16 

YEARS 

(TREES  PER 

ACRE) 

5-  7 

6.6 

7.6 

2.2 

1.2 

0.8 

18.4 

8-10 

4.1 

4.3 

3.2 

.7 

.5 

12.8 

11-17 

4.5 

7.9 

13.4 

2.9 

1.3 

30.0 

18+ 

Total 

.3 

1.5 

4.8 

1.3 

.1 

8.0 

15.5 

21.3 

23.6 

6.1 

2.7 

69.2 

BASAL  AREA 

OF  ORIGINAL  STAND  (SQUARE  FEET 

PER 

ACRE) 

5-  7 

1.9 

1.7 

1.4 

0.2 

0.6 

5.8 

8-10 

2.2 

2.5 

4.1 

.7 

.8 

10.3 

11-17 

4.4 

5.6 

15.5 

3.0 

3.5 

32.0 

18+ 

Total 

2.0 

2.5 

7.1 

2.2 

.6 

14.4 

10.5 

12.3 

28.1 

6.1 

5.5 

62.5 

BASAL  AREA 

AFTER  16  YEARS  (SQUARE 

FEET  PER  ACRE) 

5-  7 

1.3 

1.4 

0.5 

0.2 

0.1 

3.5 

8-10 

1.8 

1.9 

1.4 

.3 

.2 

5.6 

11-17 

4.3 

8.1 

14.5 

3.3 

1.3 

31.5 

18+ 

Total 

.5 

3.3 

10.6 

2.8 

.2 

17.4 

7.9 

14.7 

27.0 

6.6 

1.8 

58.0 

Table  2. — Trees  removed  between  the  first  and  last  inventories 

(In  number  per  acre) 


MIXED  HARDWOOD 

SITE 

Category 

:D.b.h. 
: ( inches 

..  Hickory 
)  : 

:White: 
:  oak  : 

Red  oa 
group 

k:Yellow- 
:  poplar 

.Misc . 

.'Total 

Inoperable 

5-  7 

3.6 

2.5 

1.6 

0.3 

2.7 

10.7 

8-10 

1.7 

1.4 

1.7 

.3 

1.7 

6.8 

Merchantable 

11-17 

1.0 

.6 

2.5 

0.3 

1.8 

6.2 

18+ 

.9 

.8 

2.7 

.6 

.3 

5.3 

Cull 

5-  7 

5.4 

4.5 

2.1 

0.5 

11.7 

24.2 

8-10 

1.0 

.7 

1.0 

.3 

2.8 

5.8 

11-17 

1.1 

.4 

1.5 

.2 

2.0 

5.2 

Total 

18+ 

.2 

.2 

.3 

.1 

.1 

.9 

14.9 

11.1 

13.4 

2.6 

23.1 

65.1 

OAK- 

HICKORY 

SITE 

Inoperable 

5-  7 

2.8 

1.7 

1.9 

0.8 

0.9 

8.1 

8-10 

1.7 

1.0 

1.7 

.5 

.5 

5.4 

Merchantable 

11-17 

1.2 

.6 

2.5 

.4 

.2 

4.9 

18+ 

.4 

.5 

1.9 

.1 

.1 

3.0 

Cull 

5-  7 

4.9 

2.5 

3.3 

1.3 

4.7 

16.7 

8-10 

1.2 

.6 

1.3 

.4 

.4 

4.4 

11-17 

1.3 

.6 

1.7 

.4 

.7 

4.7 

Total 

18+ 

.1 

.2 

.6 

.2 

.1 

1.2 

13.6 

7.7 

1.4.9 

4.1 

8.1 

48.4 

The  other  half  of  the  decrease  is 
accounted  for  by  the  hickories  and 
niscellaneous  species.   From  a  management 
standpoint,  these  species  were  considered 
Least  desirable  and  therefore  were  cut 
neavier  than  the  oaks  and  yellow-poplar. 
For  these  species  also,  most  of  the  de- 
cease is  in  the  number  of  small  trees. 

Both  white  oak  and  yellow-poplar  had 
:he  same  number  of  trees  after  16  years  as 
;ere  initially  present.   Ingrowth  was  ade- 
luate  to  replace  trees  removed  by  cutting 
)r  mortality.   Yellow-poplar  is  the  only 
species  to  have  more  5-  to  7-inch  trees. 
)uring  logging,  an  attempt  was  made  to 
scarify  the  openings  created,  and  this  prac- 
:ice  combined  with  some  release  and  weeding 
;as  sufficient  to  regenerate  the  central 
)ortion  of  the  larger  openings  to  yellow- 
>oplar.   Ingrowth  trees  of  the  more  tolerant, 
Persistent  white  oak  were  already  present 
In  the  stands  at  the  start  of  the  study  as 
saplings. 

On  the  less  frequently  treated  oak- 
lickory  areas,  both  the  number  of  trees  and 
:he  basal  area  increased  (table  3) ,  but 
:here  was  a  slight  decrease  in  the  number 
)f  small  trees.   The  red  oak  and  miscella- 
leous  groups  contained  fewer  trees  after  16 
fears,  post  oak  had  the  same  amount,  and 
fhite  oak  and  the  hickories  increased  be- 
muse of  ingrowth.   On  these  areas  also, 
:here  are  fewer  5-  to  10-inch  red  oaks;  the 
iverage  diameter  of  the  group  increased 
irom  10  to  11  inches. 


A  managed,  uneven-aged  stand  is 
characterized  by  fewer  trees  in  each  succes- 
sively larger  diameter  class.   This  structure 
allows  for  natural  mortality,  selection  of 
the  better  trees  to  retain  for  future 
growth,  and  the  generally  slower  growth 
rates  of  subdominant  trees,  while  providing 
for  the  replacement  of  the  trees  that  are 
removed  by  cutting  or  that  grow  into  the 
next  higher  diameter  class.   The  diameter 
distribution  on  the  mixed  hardwood  areas, 
however,  has  deviated  from  this  structure — 
(fig.  2),  there  are  too  few  trees  in  the 
smaller  diameter  classes.   The  oak-hickory 
areas,  on  the  other  hand,  have  enough  small 
trees  (fig.  3),  but  a  deficit  may  be  develop- 
ing in  the  middle  diameter  classes. 

One  problem  in  bringing  a  stand  under 
management  is  developing  a  sustainable 
stand  structure.   During  the  long  transi- 
tion from  unmanaged  to  managed  conditions 
the  diameter  distribution  may  little  resemble 
the  usual  one  for  the  silvicultural  system. 
In  our  stands  a  relatively  even-aged  red 
oak  group  is  moving  through  the  stand  so  the 
transition  period  will  include  the  time 
necessary  for  this  movement  to  be  completed 
and  for  this  group  to  be  replaced.   The 
stand  structure  after  16  years  indicates  that 
the  transition  period,  particularly  for 
the  mixed  hardwood  areas,  is  not  over. 

Stand  quality,  as  measured  by  the  rela- 
tive number  of  cull  and  inoperable  trees, 
improved  on  both  the  mixed  hardwood  and  the 
oak-hickory  areas  (table  4).   Excluding  the 


Table  3. — Oak-hickory  growing  stock 


ORIGINAL   STAND    (TREES   PER 

ACRE) 

D.b.h.    (inches 

)  'Hickory 

:White 
:    oak 

:Red   oak 
:    group 

,    Misc. 
oak: 

[Total 

5-    7 

10.2 

9.9 

12.0 

3.4      1.9 

37.4 

8-10 

3.6 

6.4 

10.7 

1.8        .7 

23.2 

11-17 

3.6 

5.3 

12.6 

1.2        .9 

23.6 

18+ 

Total 

.4 

.6 

2.3 

.1        .2 

3.6 

17.8 

22.2 

37.6 

6.5      3.7 

87.8 

AFTER   16   YEARS    (TREES   PER  ACRE) 

5-   7 

11.5 

13.2 

9.7 

2.8      1.4 

38.6 

8-10 

4.3 

6.7 

7.6 

1.8        .5 

20.9 

11-17 

3.2 

8.8 

14.8 

1.7        .7 

29.2 

18+ 

Total 

.0 

.8 

2.6 

.1        .1 

3.6 

19.0 

29.5 

34.7 

6.4      2.7 

92.3 

BASAL  AREA   OF 

ORIGINAL 

STAND 

(SQUARE 

FEET  PER  ACRE) 

5-   7 

1.9 

2.0 

2.5 

0.7      0.3 

7.4 

8-10 

1.6 

2.8 

4.6 

.8        .3 

10.1 

11-17 

3.6 

5.0 

12.4 

1.1        .9 

23.0 

18+ 

Total 

.8 

1.3 

4.8 

.3        .3 

7.5 

7.9 

11.1 

24.3 

2.9      1.8 

48.0 

BASAL  AREA 

AFTER   16 

YEARS 

(SQUARE   FEET   PER  ACRE) 

5-   7 

2.1 

2.5 

1.9 

0.6      0.2 

7.3 

8-10 

1.8 

2.9 

3.4 

.8        .2 

9.1 

11-17 

3.0 

8.6 

15.2 

1.6        .7 

29.1 

18+ 

Total 

.3 

1.8 

5.7 

.0        .4 

8.2 

7.2 

15.8 

26.2 

3.0     1.5 

53.7 

three  units  on  which  cull  removal  was  not 
part  of  the  treatment,  there  were  only  14 
percent  as  many  cull  and  inoperable  trees 
on  the  mixed  hardwood  areas  and  37  percent 
as  many  on  the  oak-hickory  areas.   This 
improvement  in  stand  quality  obviously  re- 
sulted from  the  removal  of  the  poorer  trees 
rather  than  an  increase  in  the  number  of 
better  trees.   On  the  intensively  treated 
areas,  it  was  necessary  to  kill  54  trees  per 


acre  on  the  mixed  hardwood  areas  and  41  on 
the  oak-hickory  areas.   More  than  60  percent 
of  the  trees  killed  were  in  the  5-  to  7-inch 
d.b.h.  class.   On  the  three  units  that  had 
no  treatment,  the  number  of  cull  and  inoper- 
able trees  declined  by  10  percent  during  the 
management  period,  indicating  that  many  of 
the  smaller  cull  and  inoperable  trees  died 
naturally  or  developed  into  acceptable 
growing  stock. 
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Figure   2. — Diameter  distribution  on  the  mixed  hardwood  sites. 
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Figure  3. — Diameter  distribution  on  the  oak-hickory  sites. 


The  merchantable  volume  increased  by 
,100  board  feet  per  acre  on  both  the  mixed 
ardwood  and  oak-hickory  sites  (tables  5  and 
)  .   The  increase  for  the  red  oak  group 
lone  amounted  to  800  and  730  board  feet, 
espectively.   The  growth  per  acre  per  year 
increase  in  standing  volume  plus  harvested 
olume)  averaged  218  board  feet  and  133  board 
eet,  respectively;  the  red  oak  group  was 
he  dominant  factor.   On  both  areas,  the 
verage  volume  per  tree  increased,  as  did 
he  average  diameter  of  the  sawtimber,  re- 
lecting  the  maturing  of  the  red  oak  group. 

ible  4. — Cull  and  inoperable   trees    (per  acre 
basis,    intensively  treated  units  only) 

MIXED  HARDWOOD 


Category 

Hickory 

:White:Red  oak 
:  oak  :  group 

Yellow- 
poplar 

'Misc . 

iTotal 

Number  of  Trees 

•riginal 

4.1 

3.0   3.4 

0.6 

13.2 

24.3 

ifter  16 

.9 

.7    .4 

.2 

1.2 

3.4 

years 

Basal  Area 

riginal 

1.9 

1.3   2.1 

0.4 

4.6 

10.3 

ifter  16 

.3 

.4    .3 

.1 

.3 

1.4 

years 

OAK-HICKORY 

Number  of  Trees 

riginal 

6.4 

3.3   5.4 

1.8 

4.8 

21.7 

fter  16 

2.5 

1.5   1.9 

.6 

1.6 

8.1 

years 

Basal  Area 

riginal 

2.6 

1.7   3.2 

1.0 

1.6 

10.1 

Ifter  16 

.7 

.4   1.0 

.2 

.3 

2.6 

years 

CONCLUSIONS 

Because  the  stands  were  not  fully 
stocked  initially,  changes  in  stand  char- 
acteristics would  have  been  expected  during 
the  16-year  period  even  without  management 
as  the  stands  continued  their  recovery  from 
past  disturbances.   The  timber  volumes  har- 
vested during  the  period  were  149  board 
feet  per  year  on  the  mixed  hardwood  areas 
(almost  exactly  as  planned)  and  64  board 
feet  per  year  on  the  oak-hickory  areas,  about 
15  percent  below  the  desired  harvest.   Growth 
added  69  board  feet  per  year  to  the  standing 
volume  on  both  areas.   However,  because  a 
large  portion  of  this  growth  and  yield  was 
derived  from  the  red  oak  group,  and  this 
group  does  not  appear  to  be  replacing  itself, 
these  figures  may  not  be  good  indicators  of 
future  growth  and  yield. 


If  the  management  is  continued,  the 
most  likely  species  to  replace  the  red  oak 
group  are  white  oak,  hickory,  and,  on  the 
better  sites,  yellow-poplar.   The  yellow- 
poplar  regeneration,  where  present,  pro- 
vides ample  opportunity  for  normal  crop 
tree  selection.   Just  what  proportion  of 
the  white  oak  and  hickory  saplings,  some 
of  which  may  be  as  old  as  the  overstory, 
will  respond  to  management  and  develop  into 
acceptable  crop  trees  is  yet  an  open 
question.   And  contined  cultural  treatments 


Table  5. — Mixed  hardwood  volume 
(In  board  feet  per  acre) 

ORIGINAL  STAND 


D.b.h.  (inches) 

Hickoi 

:White: 
¥ :  oak  : 

Red  oak 
group 

Yellow- 
poplar 

|Misc . 

|Total 

11-17 
18+ 

Total 

446 
291 

430 
250 

1,423 
852 

330 
341 

294 
74 

2,923 
1,808 

737 

680 

.',275 

671 

368 

4,731 

AFTER  16 

YEARS 

11-17 
18+ 

Total 

485 
99 

763 
383 

1,603 
1,474 

422 
460 

132 
19 

3,405 
2,435 

584 

1,146 

3,077 

882 

151 

5,840 

GROWTH  AND  YIELD 

Total 

harvested 
Total 

growth 
Growth/ 

year 

365 
212 

13 

242 

708 

44 

1,183 
1,986 

124 

368 
579 

J6 

221 

4 
1 

2,379 

3,488 

218 

Table  6. — Oak-hickory   volume 

(In  board  feet  per  acre) 


ORIGINAL  STAND 


D.b.h.  (inches) 

Hickory 

White 
oak 

Red  oak 

group 

Post 
oak 

Misc . 

[Total 

11-17 

279 

361 

1,095 

61 

77 

1,873 

18+ 

Total 

86 

125 

534 

23 

47 

815 

365 

486 

1,629 

84 

124 

2,688 

AFTER  16 

YEARS 

11-17 

242 

727 

1,577 

95 

74 

2,715 

18+ 

Total 

33 

191 

781 

10 

66 

1,081 

275 

918 

2,358 

105 

140 

3,796 

GROWTH  AND  YIELD 

Total 

170 

126 

645 

33 

49 

1,023 

harvested 

Total 

HO 

558 

1,374 

54 

65 

2,131 

growth 

Growth/ 

5 

35 

86 

3 

4 

133 

year 

may  be  necessary  to  restrain  the  more  tol- 
erant but  less  desirable  species  such  as 
American  hornbeam  (Carpinus  caroliniana 
Walt.)  and  Florida  maple  {Acer  barbatum 
Michx. ) . 

Any  conclusions  based  on  a  portion  of 
the  transitional  period  from  unmanaged  to 
managed  conditions  must  be  considered 


tentative.   Nevertheless,  many  stands  are 
being  placed  under  management  for  the  first 
time.   Although  the  specific  reaction  to 
group-selection  silviculture  will  be  in- 
fluenced by  the  initial  stand  structure  and 
condition,  the  types  of  changes  that  have 
occurred  in  these  upland  hardwood  stands 
can  be  expected  to  occur  in  other  upland 
hardwood  stands. 
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EIGHT-YEAR  PERFORMANCE  OF  INTERPLANTED  HARDWOODS 
IN  SOUTHERN  WISCONSIN  OAK  CLEARCUTS 

Paul  S.  Johnson 


Interplanting  is  defined  as  "setting 
young  trees  among  existing  forest  growth, 
planted  or  natural"  (Ford-Robertson  1971). 
Thus,  interplanted  trees  usually  develop  in 
competition  with  other  natural  woody  vegeta- 
tion that  is  continually  changing  because 
of  growth  and  mortality.   These  compositional 
and  structural  changes  occur  relatively 
rapidly  in  hardwood  clearcuts.   Thus,  the 
performance  of  trees  interplanted  in  such 
clearcuts  can  be  evaluated  in  relation  to 
the  growth  of  dominant  competing  vegetation, 
such  as  stump  sprouts.   To  facilitate  this 
evaluation,  I  used  data  from  a  study  on 
northern  red  oak  (Queraus  rubra   L.)  stump 
sprout  growth  (Johnson  1975)  to  define 
success  criterion  for  interplanted  trees 
because  oak  stump  sprouts  often  predominate 
in  oak  clearcuts.   The  present  study  was 
conducted  in  two  20-acre  clearcuts  in  up- 
land forests  of  Wisconsin,  one  on  the  Coulee 
Experimental  Forest  near  La  Crosse  and  the 
second  near  Albany  south  of  Madison.   On  both 
areas,  interplantings  were  made  the  spring 
following  dormant  season  cutting  of  all  trees 
2  inches  d.b.h.  and  larger.   Site  conditions 
and  planting  methods  are  detailed  in  Johnson 
(1971). 

METHODS 

I  arbitrarily  defined  two  criteria  for 
judging  the  relative  position  and  competitive 
status  of  interplanted  trees:   one  assumes 
that  trees  must  be  at  least  80  percent  of 
the  average  height  of  red  oak  stump  sprouts 
growing  on  a  site;  the  second  that  a  tree 
must  be  at  least  60  percent  of  the  height 
of  a  red  oak  stump  sprout.   The  second  might 
suffice,  for  example,  where  stump  sprouting 
has  been  controlled  with  herbicides  or  where 
early  silvicultural  cleanings  are  planned. 

To  account  for  variation  in  tree  height 
attributable  to  site,  the  minimum  limits  of 
height  for  these  relative  height  criteria 
(RH60,  RH80)  were  adjusted  using  a  measure 
of  site  quality  called  the  topographic  site 
coefficient  (Appendix  I).   This  provided 
the  range  of  site-dependent  minimum  heights 


shown  in  figure  1.   Using  the  RH80  criterion, 
for  example,  a  planted  tree  after  8  years  on 
the  best  site  observed  in  the  study  areas 
would  have  to  be  at  least  14.6  feet  tall  to 
be  successful  but  would  have  to  be  only  12.3 
feet  tall  on  the  poorest  site.   Using  the 
RH60  criterion,  planted  trees  after  8  years 
on  the  best  sites  would  have  to  be  at  least 
10.9  feet  tall,  but  only  9.2  feet  on  the 
poorest  site. 
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Figure  1. — Tree  height  in  relation  to  nwrber 
of  growing  seasons  after  interplanting 
for  the  range  of  minimum  limits  for 
relative  heights    (EE)   60  and  80.      (Mini- 
mum limits  for  relative  heights  vary 
because  of  adjustments  for  variation 
in  site.     Thus,   the  lowest  values   (lower 
edge)  of  each  relative  height  class  are 
minimum  tree  heights  on  the  poorest  sites 
encountered  in  study  plots;   uppermost 
values    (topside  edge)  are  minimum  tree 
heights  on  the  best  sites.     Equations 
for  height  estimates  are  given  in 
Appendix  II. ) 


RESULTS 


Survival ,  Height  and  Success 

Among  the  six  species  planted  at  Albany, 
survival  ranged  from  49  percent  for  northern 
red  oak  to  94  percent  for  white  ash  (Fraxi- 
nus  amerieana   L.)  (as  shown  in  table  1). 
Mean  height  was  greatest  for  yellow-poplar 
(Liriodendron  tulipifera   L.)  (14.8  feet), 
but  red  maple  (Acer  rubrum   L.),  sugar  maple 
(A.    saccharvm   Marsh.),  and  white  ash  all 
averaged  between  12  and  13  feet.   Based  on 
the  RH80  criterion,  sugar  maple  and  red 
maple  were  the  most  successful;  white  ash 
and  yellow-poplar  were  only  6  to  7  percent 
less  successful  than  the  maples.   Based  on 
the  RH60  criterion,  white  ash  was  the  most 
successful  species.   American  basswood 
(Tilia  americana   L.)  and  northern  red  oak 
were  the  least  successful  and  also  the  most 
varied  in  survivor  height.   Although  the 
northern  red  oaks  had  been  relatively  large 
(the>  averaged  20.7  inches  at  time  of  plant- 
ing) only  one  out  of  four  attained  RH60 
after  8  years. 

Survival  among  the  four  species  planted 
at  Coulee  was  similar  to  that  at  Albany. 
The  range  was  from  60  percent  for  northern 
red  oak  to  95  percent  for  white  ash.   Mean 
height  was  greatest  for  yellow-poplar,  al- 
though it  was  nearly  as  tall  for  white  ash 
and  sugar  maple.   Based  on  the  RH80  cri- 
terion, sugar  maple  and  yellow-poplar  were 
almost  equally  successful.   Although  the 
mean  height  of  white  ash  at  the  time  of 
planting  was  greatest  and  least  variable 
of  all  trees  planted,  the  success  percentage 
for  white  ash  based  on  attaining  RH80  was 
only  8.9  percent.   However,  based  on  the 
RH60  criterion,  white  ash  ranked  second  to 
sugar  maple.   Red  oak  showed  the  lowest 
success  and  greatest  variation  in  survivor 
height. 


Development  of  trees  was  also  expressed 
as  the  probability  of  individual  trees  attain- 
ing RH60  or  RH80  in  relation  to  the  number 
of  growing  seasons  after  interplanting.   This 
was  done  by  regression  analysis  (Appendix  III). 
Three  types  of  probability  trends  are  evi- 
dent in  the  data  from  the  Albany  plots  shown 
in  figure  2.   In  one  type,  American  basswood 
and  northern  red  oak  decline  very  rapidly 
to  a  plateau  of  relatively  low  probabilities: 
their  estimates  were  below  0.2  by  the  second 
or  third  growing  season  using  the  RH80  suc- 
cess criterion.   For  the  same  success  cri- 
terion, probabilities  for  red  and  sugar 
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Figure  2. — Probabilities  of  interplanted  trees  attaining  relative 
heights  60  and  80  based  on  1-1   transplants  interplanted  at 
Albany.      (Equations  for  regression  estimates  are  given  in 
Appendix  III.  ) 


maples  also  declined  rapidly,  dropping  to 
near  0.3  by  the  fourth  growing  season.   After 
four  growing  seasons,  however,  there  were 
modest  but  statistically  significant  in- 
creases in  probabilities  to  an  eighth-year 
estimate  approaching  0.5.  White  ash  and 
yellow-poplar  formed  a  third  trend,  exhibit- 
ing a  relatively  slow  and  nearly  linear 
decline  for  both  success  criteria,  and 
decreasing  to  near  0.4  for  the  RH80  cri- 
terion at  8  years. 

All  four  species  on  the  Coulee  plots 
declined  to  low  probabilities  (<0.2)  by  the 
fourth  growing  season  for  both  success  cri- 
teria (fig.  3).   All  species  exhibited  some 
rebounding  to  higher  values  after  the  fifth 
growing  season.   Nevertheless,  all  estimates 
for  the  eighth  growing  season  were  less  than 
0.2  for  the  RH80  criterion.   In  contrast, 
based  on  the  RH60  criterion,  probabilities 
for  all  species  except  red  oak  increased  to 
levels  between  0.34  and  0.46  by  the  end  of 
the  eighth  field  growing  season. 

Application  of  Results 

Even  though  the  two  study  areas  repre- 
sent case  studies,  results  might  be  applied 
to  interplantings  where  quality  and  vegeta- 
tive condition  of  the  planting  site,  and 
size  and  condition  of  the  planting  stock 
are  similar  to  those  tested.   Different  seed 
sources,  extremes  in  weather,  and  improper 
care  and  handling  of  stock  may  cause  signi- 
ficant departures  from  test  results.   The 
results  for  yellow-poplar  should  be  inter- 
preted cautiously  because  the  study  areas 
are  outside  the  natural  range  of  this  species. 

The  number  of  trees  that  must  be  plant- 
ed to  ensure  at  least  one  "successful"  tree 
after  the  eighth  field  growing  season  (with 
probability  of  0.8)  is  shown  in  table  2. 
Termed  "planting  factors,"  these  are  based 
on  the  estimated  probabilities  shown  in 
figures  2  and  3;  how  they  were  derived  is 
explained  in  Appendix  IV. 

For  example,  based  on  table  2,  if  a 
tree  planter  wanted  to  be  reasonably  assured 
of  having  at  least  200  interplanted  sugar 
maples  per  acre  attain  RH80  after  8  field 
growing  seasons,  he  would  plant  500  trees 
(2.5  x  200)  per  acre  of  the  large  nursery 
stock  or  1,960  trees  (9.8  x  200)  of  the 
small  nursery  stock.   If  he  used  the  RH60 
success  criterion,  only  440  of  the  large- 
size  or  520  of  the  small-size  trees  would 
have  to  be  planted  per  acre.   However,  if 
the  RH60  criterion  was  acceptable  and  the 


only  objective  was  to  plant  a  minimum  num- 
ber of  trees,  the  large  white  ash  planting 
stock  (planting  factor  =  1.3)  would  be  the 
best  choice  among  the  alternatives  present- 
ed. 

Although  nursery  stock  is  usually  cat- 
alogued according  to  age  (e.g.,  1-0,  2-0, 
etc.),  size  of  stock  within  the  same  age 
classification  can  vary  greatly  between 
nurseries,  years,  and  seed  sources.   Thus, 
size  (as  in  table  2)  rather  than  age  should 
be  the  basis  for  judging  quality  of  planting 
stock  (Limstrom  1963) . 


DISCUSSION 

Height  attainment  probabilities  are 
a  combined  expression  of  mortality  and 
relative  height  growth.   Growth  and  mor- 
tality are  determined  by  various  factors 
including  seedling  size,  physiological  con- 
dition, and  shade  tolerance,  together  with 
site  quality,  competition,  and  cultural 
measures  used  during  or  after  interplanting. 

If  decreasing  probabilities  in  figures 
2  and  3  are  attributable  primarily  to  slow 
growth,  the  curves  can  potentially  change 
direction  with  time,  depending  on  rates  of 
height  growth.   This  is  apparent  in  the  red 
and  sugar  maple  curves  for  Albany,  and  in 
the  curves  for  all  species  for  Coulee,  where 
interplanted  trees  showed  slight  to  moderate 
increases  in  height  attainment  probabilities 
after  the  fourth  growing  season.   Where  small 
planting  stock  was  used,  such  rebounding  may 
be  attributable  to  a  requirement  for  a  rel- 
atively long  establishment  period  before  sub- 
stantial height  growth  begins.   Seedling 
shade  tolerance  may  also  be  a  factor.   How- 
ever, regardless  of  the  cause,  continued 
increases  in  height  attainment  probabilities 
are  possible,  and  the  planting  factors 
associated  with  rebounding  curves  may  be 
somewhat  high  in  relation  to  future  stocking 
needs. 


Silvicultural  cleanings  and  other  cul- 
tural techniques  can  also  modify  growth  rate.' 
and  survival,  which  would  alter  success  prob- 
abilities in  young  hardwoods.   For  example, 
moderate  thinning  in  7-  to  9-year-old  stands 
in  Ohio  significantly  increased  height  growtl 
of  yellow-poplar  and  northern  red  oak  sapling 
(Allen  and  Marquis  1970).   However,  it  may  b< 
more  practical  to  prevent  or  limit  unwanted 
competition  using  herbicides  immediately  afti 
clearcutting  than  to  later  thin  sapling  stani; 
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Figure  3. — Probabilities  of  interplanted  trees  attaining  relative 
heights  of  60  and  80  based  on  1-0  seedlings  interplanted  at 
Coulee.      (Equations  for  regression  estimates  are  given  in 
Appendix  III. ) 


Table  2. — Planting  factors1  for  two  eighth-year  success 
criteria  by  species  and  size  of  planting  stock 


Top 

length 

Plant 

ing 

factor 

Species 

of  planting  stock 

when  success 
is  relative 

criteria 
height2 

Mean 

Range 

80 

: 

60 

(In.) 

(In.) 

Northern  red 

oak 

21 

14-28 

11.4 

5.1 

7 

4-10 

(3) 

21.3 

Yellow-poplar 

17 

11-22 

3.4 

2.7 

5 

3-8 

9.1 

3.9 

Sugar  maple 

11 

7-14 

2.5 

2.2 

6 

4-9 

9.8 

2.6 

White  ash 

27 

21-33 

3.5 

1.3 

18 

14-22 

15.5 

3.4 

Red  maple 

10 

6-14 

2.6 

1.9 

American  basswood 

11 

7-14 

51.2 

16.2 

Planting  factor  is  the  number  of  planted  trees  required 
to  produce,  with  a  probability  of  0.80  or  greater,  at  least  one 
"successful"  tree  at  the  end  of  the  eighth  field  growing  season. 
Assumes  that  shoot/root  ratios  of  planting  stock  are  well 
balanced  and  that  stock  is  planted  on  sites  similar  to  study 
areas. 

2Relative  height  is  the  average  height  (adjusted  for  site) 
of  northern  red  oak  stump  sprouts  at  age  8  that  provides  the  relative, 
height  standard  value  of  100.   Thus,  a  planted  tree  with  a 
relative  height  of  80  would  be  80  percent  of  the  expected  height 
of  a  red  oak  stump  sprout  growing  on  a  similar  site. 

Probability  of  success  is  too  small  to  provide  meaningful 
planting  factor. 
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Herbicides  should  be  applied  before  interplant- 
ing  to  avoid  possible  damage  to  planted  trees. 
Where  there  are  large  numbers  of  small  elms 
(Ulmus   spp.),  black  cherry  (Prunus  serotina 
Ehrh.),  boxelder  (Acer  negundo   L.),  and 
eastern  hophornbeam  (Ostrya  virginiana   Mill. 
(K.  Koch)),  herbicides  should  be  applied 
immediately  after  cutting.   Stumps  of  these 
species  produce  dense,  rapidly  growing  sprout 
clumps  that  can  overtop  interplantings  during 
the  first  20  years  of  stand  development. 
Where  there  is  potential  for  the  development 
of  less  than  50  to  60  stump  sprout  clumps  of 
desirable  species  (e.g.,  oaks  and  basswood) 
per  acre,  interplantings  may  be  compatible 
with  coppice.   However,  where  stump  sprouts 
are  expected  to  exceed  30  to  40  clumps  per 
acre,  I  recommend  using  the  RH80  success 
criteria  in  calculating  stocking  needs. 

The  development  of  guidelines  for 
evaluating  the  potential  of  advance  natural 
reproduction  and  stump  sprouting1  could 


lIvan  L.   Sander,   Paul  S.   Johnson,   and 
Richard  F.    Watt.      1975.     A  guide  for  eval- 
uating the  adequacy  of  oak  advance  repro- 
duction.     Unpublished  manuscript  on  file 
at  the  North  Central  Forest  Experiment 
Station,    Columbia,   Missouri. 


provide  an  objective  basis  for  determining 
required  numbers  of  supplemental  inter- 
planted  trees.   However,  longer  term  inter- 
planting  studies  will  be  needed  to  determine 
the  potential  contribution  of  interplantings 
to  future  stocking  needs  because  measures 
of  stocking  (e.g.,  Roach  and  Gingrich  1968) 
are  usually  not  practical  until  stands  are 
15  to  20  years  old. 
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Lower  slopes 

0.0725 

0.0965 

Middle  slopes 

.0325 

.0945 

Upper  slopes 

.0400 

.0820 

SMI  is  then  weighted  by  soil  depth  to 
produce  a  measure  of  site  quality.   For 
convenience,  these  weighted  indices  are  re- 
scaled  to  a  0.1  (poorest  site)  to  1.0  (best 
site)  value  range,  and  termed  "topographic 
site  coefficients"  (TSC) .   The  final  re- 
lation, where  soil  plus  parent  material  depth 
is  in  inches  (within  a  depth  range  of  10 
to  50  inches),  can  be  expressed: 

TSC  =  (SMI)  (soil+parent  material  depth) 
0.05332  +  0.04395. 


APPENDIX  I.— 

DERIVATION  OF  TOPOGRAPHIC  SITE  COEFFICIENTS 

A  topographic  site  coefficient  is  a 
neasure  of  site  quality  based  on  soil  plus 
parent  material  depth  to  bedrock  (to  a  max- 
imum depth  of  50  inches)  weighted  by  an 
index  of  average  growing  season  soil  mois- 
ture associated  with  slope  position  and 
aspect  (azimuth) .   Its  derivation  is  based 
an  the  azimuth  transformation  (A  ) : 

A  =  cos (azimuth  -  45°)  +  2. 

[his  transformation  yields  values  from  1 
(southwest  facing  slopes)  to  3  (northeast 
Eacing  slopes).   Southeast  and  northwest 
slopes  have  values  of  2,  which  is  also  the 
/alue  assigned  to  level  topography  and  all 
slopes  less  than  15  percent. 

Base  values  for  soil  moisture  indices 
rere  derived  from  measurements  made  by 
Stoeckeler  and  Curtis  (1960)  for  a  southern 
Wisconsin  oak  stand  occupying  north  and 
south  aspects.   Soil  moisture  measurements 
an  three  slope  positions  (upper,  middle, 
and  lower  thirds)  within  each  aspect  pro- 
vided paired  points  for  constructing  three 
Linear  relations  between  soil  moisture  in- 
dex (SMI)  and  transformed  azimuth  (A  ) .   For 
each  slope  position,  the  relation  can  be 
expressed  by  the  following  equation: 

SMI  =  a  +  b(A  ), 

for  which  the  following  values  of  a  and  b 
were  derived: 


APPENDIX  II.— 

EQUATIONS  FOR  PREDICTING  HEIGHTS 

FROM  FIELD  GROWING  SEASONS  AND  SITE. 


(1)  HEIGHT  (RH60)  =  -0.0716  +  1.0645(fgs)  + 

0.3644(TSC)(fgs) 
where:   HEIGHT  is  in  feet;  observed 
values  for  height  =  (0.6  x 
measured  value), 
fgs  =  number  of  field  growing 

seasons. 
TSC  =  topographic  site  coefficient 

(see  Appendix  I) . 
R2  =  0.89;  p  =  <0.01,  n  =  382; 

Syx  =  2.65;  regression  co- 
efficients are  significantly 
different  from  0  at  the  0.01 
level. 


(2)  HEIGHT 


where: 


(RH80) 


=  -0.0954  +  1.4194(fgs)  + 
0.4859(TSC)(fgs) 
HEIGHT  is  in  feet;  observed 
values  for  height  =  (0.8  x 
measured  value), 
fgs  =  number  of  field  growing 

seasons. 
TSC  =  topographic  site  coefficient 

(see  Appendix  I) . 
R2  =  0.89;  p  =  <0.01;  n  =  382; 

Sy.x  =  3.53;  regression  co- 
efficients are  significantly 
different  from  0  at  the  0.01 
level. 

Topographic  site  coefficients  at  Albany 
ranged  from  0.27  to  0.63,  and  at  Coulee  from 
0.62  to  0.85. 


APPENDIX  III. --REGRESSION  EQUATIONS 

FOR  HEIGHT  ATTAINMENT  PROBABILITIES 

ESTIMATED  FROM  AGE 


Regression  estimates  in  figures  2  and 
3  are  based  on  the  logistic  function  and  a 
model  that  restricts  probability  estimates 
(P)  to  a  closed  interval  of  0  to  1  (Hamilton 
1974).   The  model  can  be  expressed  as: 


P  =  (1  +  exp[-  (BQ  +  B^  +  B2X2)]  } 


-1 


where  X  =  number  of  field  growing  seasons 
(fgs)  and  X„  =  fgs/(age  +  1).   The  observed 
value  of  the  dependent  variable  (an  indi- 
vidual tree)  assumes  a  value  of  1  (success) 
or  0  (failure).   For  each  tree  the  observed 
probability  of  success  at  time  of  planting 
(0  field  growing  seasons)  was  1  because 
heights  of  red  oak  stump  sprouts  (the  stan- 
dard on  which  interplanting  success  was 
based)  were  assumed  to  be  zero. 

Because  the  customary  measure  of  good- 
ness-of-fit  for  regression  relations,  the 


error  mean  square,  is  not  appropriate  when 
the  dependent  variable  is  dichotomous, 
goodness-of-f it  was  based  on: 

(1)  "t"  tests  that  determine  whether 
each  of  the  estimated  parameters 
is  significantly  different  from  0, 

(2)  an  analysis  of  variance  using  the 
F  statistic  to  test  the  signifi- 
cance of  the  variation  explained 
by  regression,  and 

(3)  a  chi-square  analysis  that  evalu- 
ates differences  between  observed 
and  predicted  numbers  of  events 
within  probability  intervals  of 
width  0.05.   (The  latter  test  was 
used  primarily  for  comparing  alter- 
native models . ) 

Regression  equations  and  goodness-of- 
fit  statistics  are  given  in  table  3, 


APPENDIX  IV. --DERIVATION  OF  PLANTING  FACTORS 

The  following  relations,  based  on  the 
binomial  distribution,  assume  interplanted 
trees  attain  "success"  status  independently 
of  one  another  with  equal  probabilities. 


but  c 
| eight 


Note 


Table  3. — Regression  equations  for  height  attainment  probabilities 

estimated  from  age 


ALBANY  PLOTS 


Significance   level1 


Species 


Success 
criteria 


Regression  coefficients 


1 

(age) 


(l/(age+l) 


Chi- 
squared 


Observations 


American  basswood 
Northern  red  oak 
Red  maple 
Sugar  maple 
White  ash 
Yellow-poplar 


RH80 
RH60 
RH80 
RH60 
RH80 
RH60 
RH80 
RH60 
RH80 
RH60 
RH80 
RH60 


-4.3523 
-2.5675 
-5.3678 
-3.5158 
-3.3563 
-2.0854 
-3.0634 

-  .2678 
.4568 
.1981 

-  .0159 
.6429 


(2) 
-0.0498 
.2706 
.1847 
.3151 
.2083 
.2936 
(2) 

-  .1935 
(2) 

-  .1184 

-  .1565 


8.1425 
6.4988 
.1188 
9.5497 
.6632 
.5739 
.9674 
.2682 
.1524 
.6287 
.4432 
.8605 


(2) 
NS 

0.05 
.05 
.01 
.01 
.01 

(2) 

.05 
(2) 

NS 
.05 


0.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 


NS 
NS 
NS 
NS 
NS 
NS 
0.05 
NS 
NS 
NS 
NS 
NS 


(Number) 
460 
460 
475 
475 
452 
452 
470 
470 
549 
549 
480 
480 


"RH803- 
RH60 
RH80 
RH60 
RH80 
RH60 
RH80 
RH60 


COULEE  PLOTS 


Northern  red  oak 
Sugar  maple 
White  ash 
Yellow-poplar 


-0.1121 
-  .1608 
-8.1246 
-8.7873 
-7.6666 
-13.2956 
-7.8944 


0.8661 

1.4951 

.8432 

.5902 

.6514 

18.3823 

-  .7435 


0.1563 
.2166 
.1108 
.1676 
.1775 

1.2024 
11.7716 


0.01  0.01   0.01 


.01 
.01 
.01 
.01 
.01 
.01 


.01 
.01 
.01 
.01 
.01 
.01 


NS 
.01 

NS 
.01 

NS 

NS 


1,004 
535 
535 
493 
493 
1,008 
1,008 


LNS  =  nonsignificant  (p  >_  0.05);  p  <  0.01  for  all  regression  F  tests. 
Variable  not  included  in  equation. 
The  observed  probabilities  were  too  small  to  permit  calculation  of  regression. 


Let: 


S  =  the  number  of  successful  trees 
at  the  end  of  the  eighth  field 
growing  season  out  of  n  trees 
originally  interplanted; 

p=the  probability  that  a  single 
tree  will  survive  and  reach  a 
given  relative  height  after 
eight  field  growing  seasons 
(from  table  1);  and 

q=the  probability  that  a  single 
tree  will  not  survive  and  reach 
a  given  relative  height  after 
eight  growing  seasons  (q=l-p) . 


If  we  wish  to  produce  at  least  one  success- 
ful tree  at  the  end  of  the  eighth  field 
growing  season  with  80  percent  probability, 
then  substituting  in  (2) : 


0.80 


p(Sn  =  0) 


-  P(sn  =  0) 
=  0.20; 


letting  k  =  0  in  (1) 
P(sn  =  0) 
which  reduces  to: 


(n) 


0  n-0 

p  q 


The  probability  of  having  S  =  k  trees 

at  of  n  initial  trees  at  the  ena  of  the 

Lghth  growing  season  is  given  by  the  bi- 
)mial  distribution: 


p(ST 


0)  =  q 


p(S_  =  k)  =  (k)p' 


n-k 


3te  that  p(S  >  1)  -   1  -  p(S  =  0) 


(1) 
(2) 


q  =0.20 


n-log1Qq  =  log10(0.20) 

logn_(0.20)     ,    .    c 
n  =   s10 =  planting  factor. 

log10q 
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EFFECT  OF  PLANTATION  ESTABLISHMENT  ON  SOIL  AND 
SOIL  WATER  IN  SOUTHWESTERN  WISCONSIN 

Richard  S.  Sartz 


In  1961  several  different  species  of 
coniferous  trees  were  planted  on  the  Coulee 
Experimental  Forest,  in  southwestern  Wiscon- 
sin's  "Driftless  Area."   One  objective  of 
the  plantings  was  to  find  out  how  they  might 
change  the  hydrologic  properties  of  the  soil, 
a  loessal  silt  loam  that  had  been  in  contin- 
uous agriculture  for  about  100  years.   The 
area  has  a  long  history  of  soil  erosion  and 
flash  floods,  and  when  we  began  the  study  we 
thought  that  tree  planting  might  be  needed 
to  control  runoff  and  erosion  on  steep, 
eroded  slopes  of  the  area.   This  paper  gives 
the  results  after  13  to  14  years  of  tree 
growth. 
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How  trees  alter  the  properties  of 
ultural  soils  has  been  studied  widely 
the  years.   Formation  of  a  litter 

is  one  obvious  effect,  and  the  role 
tter  in  runoff  prevention  was  the 
ct  of  much  early  research  (Lowdermilk 

Kittredge  1940,  Rowe  1955,  Sartz  1963) 
re  recent  appraisals,  Mader  and  Lull 
)  and  Sartz  (1969)  both  questioned  the 
tance  of  the  amount   of  litter,  the 
r  concluding  that  protecting  the  soil 
raindrop  impact  was  its  most  important 
ion. 


Regarding  the  surface  soil,  Billings 
(1938),  who  studied  old  field  pine  stands 
of  different  ages  in  North  Carolina,  found 
that  organic  matter  increased  substantially 
and  bulk  density  decreased  substantially 
between  the  13th  and  21st  years  of  growth. 
These  trends  continued  through  the  110th 
year.   In  Ohio,  Harold  (1961)  reported  that 
after  20  years  of  pine  growth  the  "air  space 
porosity"  in  the  top  8  cm  of  silt  loam  soil 


had  increased  from  3  to  9  percent.   Byrnes 
and  Kardos  (1963)  reported  that,  other  than 
surface  organic  matter  accumulations  and 
rooting  habits,  there  were  no  major  differ- 
ences in  the  physical  properties  of  three 
types  of  soil  under  old  field  and  20-year- 
old  planted  red  pine  in  Pennsylvania. 

Wilde  (1964)  reported  little  change  in 
the  organic  matter  content  of  sandy  or  sandy 
loam  soils  in  Wisconsin  pine  plantations 
less  than  20  years  old;  and  on  loessal  soils 
in  Illinois,  Rolfe  and  Boggess  (1973)  found 
more  soil  organic  matter  and  higher  surface 
soil  bulk  density  in  old  fields  than  in  30- 
to  35-year-old  shortleaf  pine  plantations. 
However,  the  old  field  vegetation  in  their 
study  included  hardwood  trees  as  old  as  40 
years. 

A  partial  assessment  of  the  effect  of 
the  Coulee  Experimental  Forest  plantings  on 
soil  and  water  variables  has  already  been 
made  (Sartz  and  Harris  1972).   After  10 
years  of  growth  we  found  no  change  in  soil 
bulk  density  under  larch  and  red  pine  plan- 
tations, but  the  litter  layer  was  twice  as 
heavy  in  the  larch  as  in  the  red  pine  plant- 
ings or  in  unplanted  controls.   Both  species 
were  already  depleting  twice  as  much  soil 
water  as  the  old  field  vegetation  on  un- 
planted plots. 

THE  PLANTINGS 

The  trees  were  planted  on  0.2  hectare 
plots  at  three  different  sites:   an  upper 
north  slope  of  10  percent;  a  lower  north 
slope  of  25  percent;  and  a  middle  south 
slope  of  25  percent.   The  soil  on  all  sites 
is  a  loessal  silt  loam  or  a  mixture  of  loess 
and  sand  (Typic  hapludalfs  of  the  Dubuque, 
Fayette,  and  Gale-Hixton  series).   The  lower 


north  slope  site  was  former  pastureland  that 
had  never  been  plowed,  but  the  other  two 
sites  were  fields  that  had  been  under  culti- 
vation for  100  years  or  more.   The  upper 
north  slope  ("ridgetop")  site  had  been  in 
corn  and  the  south  slope  site  in  hay  the 
year  before  planting. 

The  trees  were  planted  in  the  spring 
of  1961  on  small  bench  terraces  made  with 
an  angle  dozer  (Stoeckeler  1962).   Spacing 
was  2  by  2  m,  with  500  trees  per  plot.   The 
species  evaluated  were  eastern  white  pine 
{Pinus  strobus   L.);  red  pine  {Pinus  resinosa 
Ait);  white  spruce  (Picea  glauca   Voss);  and 
European  larch  (Larix  decidua   Mill.).   The 
red  pine  planting  stock  was  2-1,  the  larch 
2-0,  and  the  white  pine  and  spruce  2-2. 

The  soil  and  water  variables  were  also 
measured  on  one  unplanted  control  plot  at 
each  site.   These  developed  into  "old  fields" 
during  the  course  of  the  study.   The  volun- 
teer vegetation  was  primarily  Kentucky  blue- 
grass  (Poa  pratensis) ;  goldenrod  (Solidago 
spp.);  wild  carrot  (Daucus  carota) ;  and 
timothy  (Phleum  pratense) .   The  lower  north 
slope  plot  had  no  timothy,  and  after  a  few 
years,  blackberries  (Rubus   spp.)  invaded 
this  plot.   Plants  and  litter  completely 
covered  the  soil  on  all  these  plots. 


SAMPLING  DESIGN  AND  METHODS 

Design 

The  soil  variables  were:   litter  accu- 
mulation; bulk  density  at  two  depths  (0  to 
8  and  8  to  15  era) ;  nitrogen  and  organic 
carbon  content  at  two  depths  (0  to  4  and  4 
to  8  cm) ;  and  seasonal  soil  water  depletion 
in  a  1-meter  soil  mantle.  Water  content  of 
the  snowpack  was  also  evaluated. 

To  find  out  how  the  variables  might 
change  with  tree  growth  they  were  measured 
at  predetermined  intervals  over  the  years, 
starting  when  the  plots  were  still  essen- 
tially in  an  open  field  condition.   Litter, 
soil  bulk  density,  and  soil  nitrogen  and 
organic  carbon  were  measured  three  times 
(5-year  intervals);  water  depletion,  four 
times  (2-  to  5-year  intervals);  and  snow 
accumulation,  five  times  (2-  to  4-year 
intervals).   The  sampling  interval  for 
water  depletion  and  snow  accumulation  varied 
because  of  seasonal  weather  constraints. 


Periodic  sampling  of  the  litter  and 
soil  required  a  design  that  would  preclude 
sampling  the  same  spot  more  than  once. 
Accordingly,  a  block  of  10  trees  by  10 
trees  in  the  center  of  each  planting  was 
used  as  a  sampling  grid,  with  each  inter- 
tree  space  (termed  a  "sampling  block") 
being  assigned  a  number  from  1  to  100. 
The  sampling  blocks  to  be  used  for  each  set 
of  samples  for  each  variable  were  assigned 
at  the  beginning  of  the  study,  and  were 
mechanically  spaced  within  the  100-sampling 
block  grid.   Litter  sampling  required  10 
blocks  per  set,  soil  sampling,  5  blocks 
per  set.   The  unplanted  control  plots  were 
sampled  in  the  same  way,  except  that  the 
sampling  grid  was  marked  with  numbered 
stakes . 


Soil  bulk  density  was  sampled  in  the 
late  summer  or  fall,  and  litter  and  soil 
nitrogen  and  organic  carbon  in  early  spring 
of  the  following  year;  thus,  all  were  sampled 
at  the  same  stage  of  tree  growth. 


Sampling  on  the  planted  plots  was  com- 
plicated by  the  planting  furrows,  which  pro- \ 
duced  three  different  soil  conditions:  the 
furrow;  the  overturned  furrow  slice;  and 
the  undisturbed  area.   I  decided  to  sample 
litter  and  bulk  density  in  both  the  furrow 
and  the  undisturbed  area.   The  furrow  was 
sampled  at  one  point  (midway  between  trees 
in  the  same  row)  and  the  undisturbed  area 
at  two  (midway  between  trees  in  adjacent 
rows  and  midway  on  the  diagonal  between  trees 
in  adjacent  rows  and  columns) .   Nitrogen  and 
organic  carbon  were  sampled  only  on  the  un- 
disturbed area  and  only  on  the  pine  and 
open  plots  at  the  middle  and  lower  slope 
sites . 


Soil  water  depletion  was  determined 
from  neutron  measurements  near  the  center 
of  the  sampling  grid.   Control  plots  were 
sampled  at  two  points  6  m  apart,  planted 
plots  at  two  pairs   of  points  6  m  apart.   The 
pairs  consisted  of  one  point  .6  m  from  a  tree 
and  one  1.4  m  from  a  tree.   The  purpose  of 
the  pairs  was  to  see  if  the  amount  of  water 
depletion  differed  at  the  two  distances,  and 
if  so,  how  long  the  difference  might  persist 
as  the  trees  grew. 
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Snow  accumulation  was  measured  on  a 
single  transect  near  the  center  of  each  plot.  L 
Depth  was  measured  at  10  points,  1  m  apart, 
and  water  content  at  5  points,  2  m  apart. 


Methods 

Surface  organic  matter  was  sampled  with 
a  30-  by  30-cm  frame  lowered  to  the  ground 
from  a  vertical  position  above  the  plot.   The 
Litter,  F-layer  and  dead  standing  herbaceous 
vegetation  inside  the  frame  were  included  in 
the  sample.   The  samples  were  collected  in 
japer  bags  and  air  dried  before  weighing. 

Soil  bulk  density  was  determined  from 
300  cc  (7.3  by  7.1  cm)  undisturbed  cores, 
ind  soil  nitrogen  and  organic  carbon  from 
11   mm  diameter  tube  sampler  cores.   The  latter 
■/ere    taken  at  litter  sampling  points.   Two 
:ores  were  taken  at  each  point,  and  the  cores 
from  all  points  on  a  plot  were  composited, 
rhus,  one  composited  sample  consisted  of  20 
:ores  (2  times  10  sampling  points)  .   Nitrogen 
:ontent  was  determined  by  the  Kjeldahl  meth- 
)d,  and  organic  carbon  content  by  the  dich- 
romate  oxidation  method  (Mebius  1960) . 

Soil  water  depletion  was  determined 
from  water  content  measurements  made  with 
:he  neutron  meter  at  three  depths:   30-, 
d0-,  and  90-cm.   Seasonal  depletion  was 
issumed  to  be  the  difference  between  early 
spring  and  late  summer  water  contents. 

Snow  depth  and  water  content  were 
neasured  with  the  Mt .  Rose  snow  tube  and 
:ubular  scales.   The  measurements  were  made 
it  the  estimated  time  of  maximum  snow  accu- 
Qulation — usually  late  February  or  March — 
In  the  years  when  a  continuous  snowpack 
>uilt  up. 


RESULTS 

Litter 

The  first  litter  sample,  taken  the 
:hird  year  after  planting,  consisted  mostly 
)f  dead  grass  and  weeds,  except  for  varying 
imounts  of  old  cornstalks  in  the  ridgetop 
samples .   Individual  sample  weights  varied 
;reatly,  depending  upon  the  presence  or 
tbsence  of  individual  heavy  stalks — such  as 
mllein.   Regardless  of  weight,  the  litter 
:ompletely  covered  the  ground  at  most  sampl- 
.ng  points  outside  the  furrows.   However, 
.t  was  still  sparse  in  the  furrows  (fig.  1). 

Five  years  later  (8  after  planting) 
:he  furrows  of  the  pine  and  larch  plots 
ihowed  an  increase  in  litter,  but  the  area 
•utside  the  furrows  in  the  red  pine  and 


200 

150 
100 

IN  FURROWS 

50 

'            sp^----'~ 

I 

150 


100 


YEARS  AFTER  PLANTING 


Figure  1. — Mean   litter  weight  in  and  outside 
planting  furrows. 


spruce  plots  showed  a  decrease  from  the 
previous  sample  (fig.  1).   The  latter  re- 
flects a  decrease  in  herbaceous  growth  with 
increased  shading  of  the  plots. 

Eight  years  after  planting  mosses  had 
started  to  come  in  on  the  more  shaded  spots, 
especially  in  the  furrows,  and  live  moss 
was  included  in  the  litter  sample  where  it 
could  be  separated  from  the  mineral  soil. 
Cornstalks,  common  on  ridgetop  plots  in  the 
first  sample,  were  not  found  in  the  second. 
Bluegrass  was  the  predominant  cover  on  most 
plots,  with  wild  carrot  and  golden  rod  stems 
making  up  a  large  part  of  the  weight  in  some 
samples.   However,  litter  on  the  larch  plots 
was  mostly  from  needle  fall,  which  produced 
a  net  increase  in  litter  in  both  the  furrow 
and  unfurrowed  samples  (fig.l).   The  pine 
canopies  had  started  to  close  and  the  larch 
canopy  was  almost  completely  closed,  except 
where  trees  had  died.   Mean  tree  heights 
ranged  from  1.3  m  for  spruce  to  5.9  m  for 
larch  (table  1) . 


Table  1. — Tree  heights^-  on   three  sites  at  time  of  litter  and  soil  sampling 

(Meters) 


Species 

Ridge 

North 

South 

1964 

1969  : 

1974  : 

1964 

1969  : 

1974  : 

1964 

1969  : 

1974 

White  pine 

1.1 

2.4 

6.8 

1.6 

3.9 

8.7 

1.4 

3.7 

7.5 

Red  pine 

.9 

2.5 

6.1 

1.1 

3.1 

6.9 

1.0 

3.0 

6.8 

Spruce 

.6 

1.3 

2.4 

.8 

2.4 

5.6 

Larch 

1.6 

5.5 

211.0 

2.0 

5.9 

212.0 

'From  10  trees  on  each  plot. 
2Estimated  from  general  height  of  the  plantation  rather  than  individual 
trees. 


By  the  13th  year,  the  litter  on  all 
planted  plots  was  heavier  than  on  the  un- 
planted  controls  except  for  the  ridgetop 
spruce  plot  in  which  the  canopy  was  not  yet 
closed.   The  larch  litter  formed  a  contin- 
uous mat — in  places  as  much  as  4  cm  thick. 
White  pine  litter  was  also  thick.   However, 
the  white  pine  was  pruned  twice  (in  the  fifth 
ana  ninth  years  after  planting)  for  blister 
rust  control,  and  the  needles  from  the  pruned 
branches  became  part  of  the  litter.   So  the 
white  pine  litter  was  probably  heavier  than 
it  would  have  been  without  pruning.   The 
litter  on  both  the  larch  and  white  pine 
plots  had  been  partially  intermixed  with 
the  soil  by  earthworms. 

Neither  the  red  pine  nor  the  spruce 
needles  formed  a  continuous  soil  cover,  but 
cones  were  common.   Dead  needles  that  were 
unavoidably  dislodged  from  the  lowest  five 
whorls  of  the  red  pine  during  sampling  may 
have  increased  variation  in  the  red  pine 
samples.   Moss  was  still  common  on  the  ridge- 
top spruce  plot,  but  grew  only  in  scattered 
patches  of  sunlight  under  the  more  closed 
canopy  of  the  north  slope  spruce  plot. 

Differences  in  litter  accumulation  at 
1.0  and  1.4  m  from  the  trees  were  evident 
in  the  8th  year  sample,  and  obvious  in  the 
13th  year  sample  (fig  2). 

The  litter  sampling  method  was  designed 
to  give  point  values  for  comparison  among 
cover  types  rather  than  unbiased  estimates 
of  mean  litter  weight  on  the  plots.   However, 
the  sample  taken  midway  between  trees  in 
adjacent  rows  may  give  a  reasonable  estimate 
of  mean  litter  weight  on  the  plots.   Assum- 
ing this,  I  computed  weight  per  acre  to  allow 
comparison  with  results  from  other  studies. 
The  mean  values  13  years  after  planting  for 
all  plots  sampled  were,  in  metric  tons  per 
acre:   larch,  6.36;  white  pine,  4.53;  red 
pine,  3.75;  spruce,  2.13;  and  unplanted, 
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Figure  2. — Mean   larch  and  red  pine   litter 
weight  at  1.0  and  1.4  m  from  trees. 


1.61.   For  18-year-old  stands  in  New  York, 
Day  (1940)  reported  values  of  5.49  for  white 
pine,  and  5.73  for  red  pine. 

Soil  Bulk  Density 


■ 


In  general  bulk  density  of  the  top  8 
cm  of  soil  seems  to  have  decreased,  both  on 
planted  and  unplanted  plots.   However,  great 
variation  in  the  samples  (coefficients  of 
variation  were  as  high  as  17  percent)  made 
the  results  inconclusive.   Since  the  values 
for  the  two  undisturbed  positions  on  planted 
plots  agreed  closely,  I  combined  them  for 
an  analysis  of  differences  (table  2).   There 
appeared  to  be  more  change  in  the  first  5- 
year  period  than  in  the  second,  more  in  fur- 
rows than  on  undisturbed  areas,  and  more  on 
ridgetop  plots  than  on  the  others.   A  differ- 
ence by  sites  is  not  surprising,  since  bulk 
density  was  different  initially  on  the  three 
sites  (table  3) . 

Perhaps  the  most  convincing  evidence  of 
a  real  bulk  density  change  in  the  0-8  cm 
sample  was  the  apparent  lack  of  change  in 
the  8-15  cm  sample  (table  3) . 


Table  2. — Change  in  bulk  density  in   the   top 

8  centimeters  of  soil  on   three  sites 

(Grams  per  cubic  centimeter) 


Table  4. — Mean  nitrogen  and  carbon  content 
of  surface  8  centimeters  of  soil  on 
two  sites 

(Percent) 


Site  and 
species 

Undist 

jrbed1 

Furrows2 

1963-1968 

:    1968-1973 

1963-1968 

1968-1973 

Ridge: 

White   pine 

-.10* 

+  .05 

-.05 

-.01 

Red   pine 

-.10* 

-.01 

-.09* 

.00 

Spruce 

-.05 

-.08* 

+  .03 

-.13* 

Larch 
Mean 

-.06* 

+  .01 

-.10 

.00 

-.08 

-.01 

-.05 

-.04 

Unplanted 

-.07 

.00 

-- 

— 

North: 

White  pine 

+  .01 

+  .03 

-.11* 

-.01 

Red   p  ine 

+  .04 

.00 

-.03 

-.09* 

Spruce 

+  .05 

-.10* 

-.01 

-.07 

Larch 
Mean 

-.10 

+  .09* 

-.04 

-.07 

.00 

.00 

-.05 

-.06 

Unplanted 

.00 

-.11* 

— 

South: 

White   pine 

-.01 

+.02 

-.10 

+  .02 

Red   pine 
Mean 

-.04 

-.02 

-.06 

-.02 

-.02 

.00 

-.08 

.00 

Unplanted 

+  .08* 

-.10* 

— 

-- 

"^n  -  10 
2n  -  5 
*  Significant  at  5  percent  level  as  tested  by 


Table  3. — Mean  bulk  density  of  planted  plots 
at  two  depths  and  three  sites'^ 
(Grams  per  cubic  centimeter) 


0  to  8-cm  Depth 


Site 

Sampling 
position 

:Years 
:        3 

after   pi 
:        8      : 

anting : 
13      : 

10-year 
difference 

Ridge 

Undisturbed 

1.15 

1.08 

1.07 

-.08 

Furrow 

1.24 

1.19 

1.15 

-.09 

North 

Undisturbed 

1.01 

1.00 

1.01 

.00 

Furrow 

1.26 

1.21 

1.15 

-.11 

South 

Undisturbed 

1.30 

1.28 

1.28 

-.02 

Furrow 

1.40 

1.32 

1.32 

-.08 

8   to   15 

-cm   Depth 

Ridge 

Undisturbed 

1.22 

1.24 

1.26 

+  .04 

Furrow 

1.34 

1.34 

1.35 

+  .01 

North 

Undisturbed 

1.18 

1.18 

1.15 

-.03 

Furrow 

1.36 

1.33 

1.37 

+  .01 

South 

Undisturbed 

1.38 

1.38 

1.38 

.00 

Furrow 

1.42 

1.39 

1.43 

+  .01 

20  f 
10  fu 


'The  ridge  and 
rrow  samples; 
rrow  samples. 


north  s 
the  sout 


ites  had  40  undisturbed  and 
h  site  20  undisturbed  and 


Soil  Nitrogen  and  Carbon 

Because  the  data  for  separate  sampling 
positions  and  depths  showed  no  readily  appar- 
ent trends,  I  combined  them  for  further  study. 
The  measured  values  for  both  elements  decreas- 
ed on  all  north  slope  plots  and  on  the  south 
slope  white  pine  plot,  but  increased  on  the 
south  slope  red  pine  and  unplanted  plots 
(table  4).   Whether  the  differences  reflect 
real  soil  changes  or  sampling  error  is  de- 
batable.  The  nature  of  the  data  precluded 
statistical  testing. 


Site  and 

species 

Nitrogen 

Carbon 

Ye»'  b 

after  planting: 

Years 

after  pi 

anting: 

3 

8        : 

13 

3 

:        8 

:      13 

North: 

White  pine 

0.260 

0.204 

0.202 

5.8 

4.9 

4.4 

Red   pine 

.218 

.186 

.195 

5.0 

4.8 

4.1 

Unplanted 

.268 

.239 

.202 

5.8 

5.3 

5.4 

South: 

White  pine 

.064 

.062 

.053 

:  .4 

1  .8 

1.2 

Red   pine 

.092 

.118 

.124 

L.9 

2.6 

2.7 

Unplanted 

.  L24 

.236 

.223 

2.6 

6.1 

5.2 

Soil  Water  Depletion 

Three  years  after  planting,  when  the 
first  soil  water  measurements  were  taken, 
planted  plots  were  still  depleting  about 
the  same  amount  of  water  as  the  unplanted 
controls.   By  the  8th  year,  however,  most 
planted  plots  were  depleting  much  more  than 
the  controls;  and  by  the  14th  year,  there 
were  2-  to  3-fold  differences  (table  5)  . 
The  ridgetop  spruce  plot  did  not  conform 
to  the  general  pattern,  probably  because 
of  shallower  soil.   Although  it  is  adjacent 
to  the  control,  it  is  downhill  from  it  on 
a  steeper  grade  where  erosion  losses  over 
the  years  of  cultivation  would  have  been 
greater.   The  canopy  was  still  open  on 
this  plot,  and  the  trees  were  less  than 
half  as  tall  as  the  spruce  on  the  north 
site  (table  1)  . 

Measurements  taken  in  the  10th  year 
on  the  red  pine  and  larch  plots  and  in  a 
natural  oak-hickory  saw-timber  stand  (Sartz 
1972b)  provide  a  2-year  interval  compari- 
son of  depletion  by  the  plantations  with 
depletion  by  a  natural  hardwood  stand  grow- 
ing on  similar  north  slope  sites.   Depletion 
was  about  the  same  in  the  8th  year  of  plan- 
tation growth,  but  plantation  depletion  was 
greater  in  the  10th  and  14th  years  (table  6) . 

The  small  12th-year  depletion  differ- 
ences are  misleading  (table  5).   In  years 
of  high  growing  season  rainfall  (280  mm 
fell  in  July-August  of  the  12th  year  com- 
pared with  105-155  mm  the  other  years) 
seasonal  depletion,  which  is  the  differ- 
ence between  the  amounts  stored  in  the  soil 
in  the  spring  and  fall,  does  not  give  a 
good  index  of  comparative  water  use. 

Snowpack 

The  amount  of  snow  accumulation,  as 
measured  midway  between  rows  of  trees  at 


time  of  maximum  accumulation,  was  not  clear- 
ly affected  by  tree  species  up  to  the  10th 
year  after  planting  (table  7) .   Mean  snow- 
pack  water  content  on  planted  plots  was 
greater  than  on  open  plots  on  the  ridge 
and  south  sites,  but  about  equal  on  the 
north  site.   However,  the  trees  affected 
the  pattern  of  melt  within  the  plantations. 
This  was  very  evident  during  snowmelt  in 
1975.   There  were  still  snow  accumulations 
as  deep  as  50  cm  between  trees  from  crown 
dumping  or  shading  when  bare  ground  was 
already  showing  around  the  trees.   These 
accumulations  were  deeper  on  the  two  north 
slope  plots  than  on  the  south  slope  plot, 
and  were  deepest  on  spruce  plots.   Among 
planted  plots,  the  snow  surface  was  most 
even  in  the  larch. 


Table  7. — Snowpaak  water  content  by  speaies 

and  sites   10  years  after  planting 

(Millimeters) 


Species 

:  Ridge 

North 

South 

White  pine 

155 

147 

109 

Red  pine 

170 

163 

137 

Spruce 

193 

152 

— 

Larch 

Mean 

175 

160 

— 

173 

156 

123 

Unplanted 

142 

157 

91 

The  amount  of  snow  accumulation  was 
also  affected  by  site,  as  previously  re- 
ported (Sartz  1972a). 


Table  5. — Water  depletion  in  a  1-meter  soil 
mantle  on  planted  and  unplanted  plots 
at  three  sites 

(Centimeters) 


Site  and 
species 

:   Years 

after 

planting" 

:    3   : 

8   : 

12 

:   14 

Ridge : 

White  pine 

7.6 

5.9 

3.5 

11.1 

Red  pine 

8.0 

8.9 

3.0 

12.0 

Spruce 

9.2 

6.1 

1.2 

5.4 

Larch 

9.0 

9.3 

8.1 

15.0 

Unplanted 

7.0 

5.1 

1.3 

6.3 

North: 

White  pine- 

6.8 

7.9 

3.0 

11.8 

Red  pine 

8.1 

8.1 

1.7 

12.1 

Spruce 

10.6 

7.1 

1.3 

9.2 

Larch 

5.3 

9.0 

1.6 

10.2 

Unplanted 

10.7 

3.7 

.6 

3.5 

South: 

White  pine 

12.6 

8.7 

7.6 

11.2 

Red  pine 

11.1 

8.7 

8.0 

11.8 

Unplanted 

11.3 

4.8 

1.5 

4.5 

Mean : 

White  pine 

9.0 

7.5 

4.7 

11.4 

Red  pine 

9.0 

8.5 

4.3 

12.0 

Spruce 

9.1 

6.6 

1.3 

7.3 

Larch 

7.2 

9.2 

4.9 

12.6 

Unplanted 

9.6 

4.5 

1.1 

4.7 

Table   6. — Water  depletion  in  a  1-meter  soil 
mantle  by  planted,  red  pine  and  larch 
compared  to  depletion  by  natural 
hardwoods 

(Centimeters) 


Vegetation 

:   Years  after 

planting 

:   8   :   10   : 

12   :   14 

Red  pine 

8.1   12.8 

1.7   12.1 

Larch 

9.0   11.8 

1.6   10.2 

Hardwoods 

8.6   10.5 

2.7    7.8 

DISCUSSION  AND  CONCLUSIONS 

This  study  was  planned  to  tell  us  how 
different  tree  species  might  change  the  soil 
as  they  grow  from  small  planted  seedlings  to 
dense  plantations.   When  we  began  the  study 
we  thought  that  tree  planting  might  be  an 
effective  flood  prevention  practice  on  steep, 
eroded  slopes  of  the  area.   Since  then,  how- 
ever, we  have  found  that  maintaining  a  soil 
cover  is  the  real  key  to  runoff  control;  and 
that  simply  retiring  land  from  active  agri- 
culture reduces  its  runoff  potential  dras- 
tically (Sartz  1970,  1975,  Sartz  and  Tolsted 
1974).   Because  of  this,  some  of  the  things 
learned  from  this  study  may  now  be  "after 
the  fact,"  so-to-speak.   Nevertheless,  the 
information  adds  to  the  general  pool  of 
knowledge  on  forest-soil  relationships. 

The  much  greater  amounts  of  litter  that 
built  up  under  larch  would  seem  to  make  it 
a  preferred  species  for  watershed  manage- 
ment planting;  however,  the  additional 
litter  may  have  no  value  in  preventing  rain- 
fall runoff  (Mader  and  Lull  1968).   It  may 
have  value  in  reducing  soil  freezing,  which 
could  reduce  snowmelt Tunoff.   However,  this 
has  yet  to  be  demonstrated  experimentally. 
The  temporary  litter  decrease  during  the 
transition  from  grasses  and  weeds  to  tree 
needles  (fig.  1)  is  interesting,  but  prob- 
ably of  little  importance  to  the  runoff 
process . 

The  plantations  are  not  yet  old  enough 
to  have  reduced  soil  bulk  density  much;  but 
this  also  may  not  be  important,  since  the 
soil  is  already  absorbing  most  of  the  rain- 
fall anyway. 


. 


By  the  10th  year,  the  pine  and  larch 
plantings  were  using  substantially  more 
water  from  the  top  meter  of  soil  than  the 
implanted  controls,  and  a  little  more  than 
a  natural  hardwood  forest.   The  additional 
water  depleted  by  the  trees  can  reduce  flood 
runoff  potential  from  summer  storms  because 
it  enlarges  the  soil  water  storage  reservoir. 
On  the  other  hand,  this  may  reduce  the  con- 
tribution to  ground  water,  springflow,  or 
stream  base  flow,  which  would  have  a  nega- 
tive effect  on  water  production. 

Depletion  values  reflect  rainfall  gains 
as  well  as  evapotranspiration  losses.   So 
the  values  would  vary  from  year  to  year, 
even  with  an  unchanging  vegetation.   Thus, 
in  the  12th  year  (1973)  the  high  growing 
season  rainfall  tended  to  mask  the  losses 
from  evapotranspiration.   Differences  in 
the  length  of  the  depletion  period  would 
also  affect  the  amount  of  depletion  measured 
from  one  year  to  another.   These  are  inher- 
ent weaknesses  in  the  depletion  method  of 
assessing  comparative  water  use  by  differ- 
ent vegetations. 

The  snow  sampling  method  used  was  not 
adequate  for  determining  mean  snow  accumu- 
lation in  young  forest  plantations.   The 
uneven  distribution  of  snow  caused  by  inter- 
ception, crown-dumping,  and  irregular  shad- 
ing, requires  a  much  more  intensive  sample 
for  an  unbiased  estimate  of  the  true  snow 
cover.   And  even  with  an  adequate  sampling 
design,  getting  good  measurements  in  un- 
pruned  stands  would  be  difficult  because 
of  access  problems. 

When  this  study  was  conceived  I  had 
planned  to  follow  changes  in  the  variables 
with  tree  growth  for  longer  than  14  years. 
However,  after  finding  that  tree  planting 
is  not  really  needed  to  prevent  runoff  and 
erosion  in  the  Driftless  Area,  I  decided  to 
terminate  the  study  with  this  report.   The 
second  objective  of  the  plantings — to  deter- 
mine the  adaptability  of  several  species  to 
different  sites  of  eroded  loess  soil — has 
been  partially  met;  but  further  observations 
on  growth  should  be  made  at  appropriate 
intervals  to  assess  the  wood  products  poten- 
tial over  a  longer  period  of  time. 
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ESTIMATING  WATER  YIELD  DIFFERENCES 
BETWEEN  HARDWOOD  AND  PINE  FORESTS: 
AN  APPLICATION  OF  NET  PRECIPITATION  DATA 

El  on  S.  Verry 


INTRODUCTION 

The  impact  of  different  forest  types 
on  streamflow  or  groundwater  recharge  must 
be  considered  in  evaluating  multiple-use 
alternatives.   The  impact  of  species 
conversion  on  streamflow  has  been  directly 
measured  at  the  Coweeta  Experimental 
Watersheds  in  North  Carolina.   However, 
the  use  of  net  precipitation1  data,  with 
appropriate  cautions,  provides  a  practical 
basis  for  estimating  water  yield  differ- 
ences between  forest  types  where  long-term 
streamflow  comparisons  are  not  available. 

The  use  of  net  precipitation  differ- 
ences among  hardwood  and  pine  forests  as 
an  estimate  of  water  yield  differences 
should  not  be  interpreted  as  a  total  ex- 
planation of  processes  affecting  water  yield, 
It  is  only  an  arbitrary,  conservative 
estimate  of  species  effects  on  water  yield. 
It  does  provide  a  practical  working  tool 
with  objective  values. 

This  paper  presents  net  precipitation 
data  for  stocking  levels  of  one  aspen  and 
three  red  pine  forests  in  north-central 
Minnesota  described  in  table  1.   Net  pre- 
cipitation data  for  aspen  are  similar  to 
data  for  all  eastern  hardwood  forests 
(Helvey  and  Patric  1965) ,  and  data  for 
red  pine  are  similar  to  net  precipitation 
data  for  all  eastern  pine  forests  (Helvey 
1971).   Thus  relationships  derived  in 
this  paper  are  applicable  to  other  hardwood 
and  pine  forests  in  the  northern  Lake 
States. 


Table  1. — Character is  tics  of  forests   to 
which  net  precipitation  relations 
were  applied 


Forest 
components 

:  Basal1 
:  area 

Stems 

.Crown 
:height 

Crown 
coverage 

Age 

:Site 
: index 
:age  50 

m'z/ha 

No. /ha 

m 

Percent 

Years 

m 

Aspen 

23.0 

1,112 

23.2 

82 

52 

22.9 

Hazel 

— 

42,000 

2.6 

80 

-- 

— 

Bracken 

— 

32,865 

— 

52 

— 

— 

Red  pine 

13.8 

215 

19.8 

— 

67 

16.8 

Hazel 

— 

33,357 

2.1 

80 

-- 

— 

Bracken 

— 

30,641 

— 

48 

— 

— 

Red  pine 

23.0 

470 

20.4 

— 

67 

16.8 

Hazel 

— 

15,815 

2.0 

V) 

— 

— 

Bracken 

— 

26,193 

— 

41 

— 

— 

Red  pine 

32.1 

675 

20.7 

— 

67 

16.8 

Hazel 

— 

15,073 

1.1 

46 

-- 

~ 

Bracken 

— 

19,027 

— 

30 

— 

— 

1  See  drawing  on  page  ii  and  the 
Glossary  of  terms  for  definitions. 


1  Basal  areas  of  13.8,  23. a  and  32.1  m^/ha  c 
respond  to  basal  areas  of  60,  100,  and  140  ftVacre. 
See  Appendix  I,  page  6  for  other  conversion  factors. 


The  assumptions  in  this  paper  are  many 
and  result  from  the  combination  of  many 
separate  studies  to  bear  on  a  single 
application.   As  with  any  modeling  approach, 
the  necessary  assumptions  point  up  our 
lack  of  knowledge  or  areas  of  disagreement. 
Rainfall  components  are  derived  from 
relatively  straight  forward  application 
of  specific  studies.   However,  we  assumed 
seasonal  net  snowfall  to  be  the  maximum 
snowpack  water  content.   This,  of  course, 
is  incorrect  because  it  does  not  account 
for  overwinter  melt  that  may  infiltrate 
the  soil  or  for  additions  to  the  snowpack 
from  soil  water. 

The  literature  contains  many  conceptual 
analyses  of  snowfall  interception  (Miller 
1964,  1967,  Anderson  1970)  from  which  the 
authors  conclude  that  simple  snow  tube 


measurements  cannot  explain  the  interception 
process.   In  addition,  at  least  two  studies 
have  shown  that  overwinter  snowmelt  in- 
creases soil  water  and  streamflow  (Federer 
1965,  Haupt  1972). 

Our  data  from  the  Marcell  Experimental 
Forest  (Ca.  N  47°  32'  Lat.,  93°  28'  W  Long.) 
showed  that  any  overwinter  melt  from  the 
bottom  of  the  snowpack  that  does  occur  is 
not  sufficient  to  produce  shallow  subsurface 
flow  let  alone  streamflow:   (1)  runoff  plots 
that  measure  both  surface  and  shallow  sub- 
surface flow  have  never  yielded  flow  over 
the  winter  period;  and  (2)  shallow  water 
tables  recede  slightly  over  winter  even 
in  sealed,  perched  basins  from  where  there 
is  no  streamflow.   Furthermore,  we  have 
never  observed  crown  drip  during  this  period 
in  north-central  Minnesota;  a  process  that 
Haupt  (1972)  showed  to  be  a  significant 
source  of  winter  soil  water  recharge  in  Idaho. 

These  observations  do  not  tell  us 
whether  or  not  snowpack  water  entered  the 
soil  to  satisfy  soil  water  storage  deficits, 
but  they  do  indicate  that  it  is  not  suffi- 
cient to  affect  streamflow,  or  even  local 
subsurface  flow.   In  the  severe  continental 
climate  of  north-central  Minnesota,  at 
least,  it  does  appear  to  give  a  useful 
estimate  of  maximum  snowpack  water  content 
and  the  effect  of  forest  types  on  it. 


HISTORICAL  PERSPECTIVE 

In  1965,  Dr.  J.  Delfs  (1967)  of 
Lower  Saxony,  Germany,  proposed  a  practical 
assessment  of  interception  data.   He  stated: 
"Preliminary  results  suggest  that  it 
is  chiefly  interception  which  is 
responsible  for  the  effect  of  beech 
and  spruce  stands  on  the  water  regime. 
...The  beech  area  discharged  over 
200  millimeters  (mm)  more  than  the 
spruce  area." 

This  was  a  bold  statement  indeed. 
The  concept  was  met  with  arguments  that 
interception  differences  might  be  balanced 
by  differences  in  tree  transpiration. 

Dr.  Delfs'  proposal  gained  considerable 
credence  in  1968  when  Swank  and  Miner  re- 
ported the  effect  on  streamflow  of  convert- 
ing a  hardwood  watershed  to  white  pine. 
When  the  white  pine  trees  were  only  10 
years  old,  streamflow  had  decreased  by  94 
mm.   In  their  first  report,  they  stated: 


"Although  results  reflect  a  specific  set 
of  .  .  .  conditions,  and  identical  water 
yield  reductions  would  not  be  expected 
elsewhere,  the  evaporation  processes  in- 
volved are  universal.   Thus  a  trend  toward 
reduction  in  total  water  yield  should  also 
be  expected  in  other  regions."   (Swank 
and  Miner  1968). 

Four  years  later  streamflow  had  been 
reduced  by  178  mm.   Thus,  in  a  second 
report,  they  concluded,  "...that  increased 
interception  loss  occurs  when  hardwood- 
covered  watersheds  are  converted  to  white 
pine,  causing  significant  reductions  in 
streamflow  ..."  (Swank,  Goebel,  and 
Helvey  1972).   These  conclusions  are 
further  supported  in  a  15-year  summary 
published  by  Swank  and  Douglas  in  1974. 

An  important  and  practical  finding  of 
Swank  and  Miner's  study  is  that  the  differ- 
ences in  net  precipitation  are  a  conserva- 
tive estimate  of  differences  expected  in 
streamflow.   Streamflow  differences  may  in 
fact  be  greater  because  transpiration  by 
pines  during  leafless  periods  is  probably 
greater  than  that  of  hardwoods  (Swank, 
Goebel,  and  Helvey  1972).   These  concepts 
should  even  apply  to  other  areas  in  humid 
regions . 

Swank,  Goebel,  and  Helvey  (1972)  applied 
this  concept  to  assess  the  impact  of  large 
scale  conifer  plantations  on  streamflow 
throughout  the  southeastern  United  States. 
They  used  interception  studies  for  hardwoods 
developed  throughout  the  eastern  United 
States  and  interception  studies  for  loblolly 
pine  developed  at  Clemson,  South  Carolina. 
Their  estimate  of  streamflow  differences 
at  Clemson  is  102  mm  (4  inches).   However, 
the  absolute  amount  of  interception  loss 
or  net  precipitation  for  any  given  forest 
is  primarily  determined  by  the  amount  of 
annual  precipitation.   Thus  differences  be- 
tween hardwood  and  pine  forest  net  precipi- 
tation will  be  less  in  dry  areas  than  in 
wet  areas. 

In  areas  where  multiple-use  decisions 
dictate  pine,  lower  stocking  levels  could 
be  maintained  to  enhance  water  yield  or 
vice  versa.   Thinning  in  pine  stands  has 
increased  water  yield  (Urie  1971,  Van  Der  Zell 
1970);  however,  long-term  streamflow  data 
are  not  available  to  assess  how  long  the 
effect  will  last. 

Thinnings  in  hardwood  stands  have 
caused  small  increases  in  streamflow  that, 


are  probably  real  although  they  were  not 
statistically  significant  (Reinhart, 
Eschner,  and  Trimble  1963,  Douglass  and 
Swank  1972) . 


APPLICATIONS 

The  aspen  and  red  pine  data  are 
applicable  to  most  areas,  but  there  are 
conditions  where  differences  in  net 
precipitation  may  not  be  realized  as 
differences  in  water  yield.   These  occur 
where  infiltrated  water  is  evapotranspired 
before  it  passes  below  or  away  from  plant 
roots;  either  because  (a)  plant  roots 
reach  to  the  water  table  or  (b)  additional 
water  does  not  contribute  to  deep  percola- 
tion or  shallow  subsurface  flow  because  it 
is  insufficient  to  satisfy  soil  water 
deficits  around  macropores. 

To  determine  differences  in  water 
yield  for  a  given  area  of  land  with  total 
conversion : 

A.  First  obtain  your  average  annual 
precipitation  for  the  area  in  question. 

B.  Enter  figure  one  along  the  annual 
gross  precipitation  scale  and  proceed 
upward  to  intersect  the  23  m^/ha  red 
pine  line. 

C.  From  the  point  of  intersection  on 
the  red  pine  line  proceed  to  the  left 
scale  and  read  the  intersected  value 
of  net  precipitation. 

D.  Repeat  the  procedure  using  the  aspen 
line. 

E.  The  difference  in  net  precipitation 
will  increase  water  yields  for  red 
pine-to-aspen  conversions  and  decrease 
water  yields  for  aspen-to-red  pine 
conversions . 


For  example,  average  annual  precipi- 
:at_on  is  756  mm  for  the  Marcell  Exper- 
imental Forest  in  north-central  Minnesota. 
By  entering  the  base  of  figure  1,  we  can 
estimate  that  net  precipitation  is  633  mm 
for  the  23  m  /ha  aspen  stand  567  mm  for 
the  23  m  /ha  red  pine  stand:   a  difference 
of  66  mm.   Therefore,  this  would  mean  that 
water  yield  would  be  increased  or  decreased 
35  percent  because  the  average  streamflow 
on  the  Marcell  Experimental  Forest  is  189  mm. 

This  same  principle  can  be  used  for 
planning  purposes  on  large  administrative 
units  (District,  Forest,  or  other  large 
area).   For  example,  a  district  ranger 
can  use  his  management  plan  to  list  the 
hectares  of  conversions  scheduled  for 


the  future  (5,  10  yrs.,  etc.).   He 
must  then  take  the  difference  between 
the  proposed  total  area  of  hardwood-to- 
pine  conversions  and  pine-to-hardwood 
conversions.   This  difference  must  be 
translated  to  a  percentage  of  the  total 
planning  unit  area.   Then  he  can: 

A.  Enter  figure  2  along  the  net  percent 
change  scale  and  proceed  upward  to 
intersect  the  precipitation-runoff 
regime  line  nearest  to  your  situation. 

B.  From  the  point  of  intersection  on 

the  precipitation-runoff  line  proceed 
to  the  left  scale  and  read  the  percent 
change  in  existing  water  yield  for  the 
entire  planning  unit. 

C.  Multiply  the  decimal  percent  change 
in  water  yield  by  the  existing  water 
yield  to  calculate  the  proposed  change 
in  water  yield. 

D.  If  the  total  volume  of  water  yield 
change  is  desired,  multiply  the  change 
in  water  yield  by  the  total  area  of 
the  planning  unit. 

If  on  a  planning  unit  area  of  100,000 
ha,  for  example,  2,000  ha  are  planned  for 
pine-to-hardwood  conversion,  and  13,000  ha 
are  planned  for  hardwood-to-pine  conversion, 
then  the  net  percent  change 


13,000 


,000  (100) 


100,000 


would  be  11  percent.   If  we  assume  that  the 
average  annual  precipitation  is  700  mm  and 
the  average  annual  runoff  is  190  mm  for 
the  planning  area,  we  would  enter  figure  2 
at  11  percent  (horizontal  axis)  on  line  B 
and  find  that  the  percent  change  in  water 
yield  on  the  entire  planning  unit  is  3.7 
(see  dotted  line).   This  means  that  the 
decrease  in  annual  water  yield 


((3.7)(190K 
(100) 


is  approximately  7  mm  because  the  net  con- 
version is  from  hardwood  to  pine  forests. 

The  total  decrease  in  water  yield 
volume  would  be: 

(0.007  m) (100,000  Ha)       =  700  ha-m 

(700  ha-m) (8. 107)  =  5,675  acre-feet 

(5,675  acre-feet) (325,851)  =  1.8  x  109  gallons 

This  would  approximate  the  annual  needs  of 
a  community  of  50,000  assuming  total  storage 
(based  on  a  per  capita  consumption  of  100 
gallons  per  day) . 
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Figure  1. — The  relation  between  net  and  gross  annual  pre- 
cipitation for  aspen  and  red  pine  forest  (23  and  13.8, 
23,    32.1  rrr/na  basal  area  respectively) . 


The  four  precipitation-runoff  lines  in 
figure  2  were  taken  from  precipitation  and 
runoff  graphs  for  the  northern  Lake  States. 
Lines  for  a  specific  area  in  the  northern 
Lake  States  can  be  easily  developed  using 
local  data  as  follows: 

A.   Determine  the  difference  in  net  precipi- 
tation (A  NP)2   between  aspen  and  red 
pine  forests  following  the  five  steps 


shown  for  determining  differences  on  a 
given  area  of  land  with  total  conversion 
(see  page  3). 

B.  Obtain  your  average  annual  runoff  (Q) . 

C.  Assuming  a  100  percent  conversion,  cal- 
culate the  percent  change  in  existing 
water  yield  on  the  entire  planning 
unit  area  as  follows: 


See  Appendix  II,   page    ?,    for  fur- 
ther definitions  of  the  symbols. 
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Figure  2. — The  relation  between  net  percent  change  in 
planning  unit  area  and  percent  change  in  existing 
water  yield  for  hardwood-pine  conversions  at  four 
levels  of  precipitation   (P) ,   water  yield   (Q) ,   and 
differences  in  net  precipitation    (A  NP). 


D.   Draw  your  figure  2  line  by  plotting  the 
point  X'  =  100;  Y  =  AQ  and  drawing  a  line 
from  there  through  the  origin. 
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APPENDIX  I--GL0SSARY  OF  TERMS 


Gross  precipitation  (P) :   The  amount  of  rain 
or  snow  falling  above  the  forest  as 
measured  in  small  forest  openings. 

Interception  loss:   The  amount  of  water  re- 
tained on  plants  and  subsequently  evaporated. 

Net  precipitation  (Net  P) :   The  amount  of 
water  falling  on  (rain)  or  accumulating 
on  (snow)  the  litter.   The  end  of  snow 
accumulation  is  defined  as  the  time  when 
water  content  in  the  snowpak  is  maximum. 

Stemflow  (S) :   The  amount  of  rain  that 

reaches  the  ground  by  flowing  down  plant 
sterns. 

Throughfall  (T) :   The  amount  of  rain  passing 
through  a  plane  just  below  the  identified 
canopy  exclusive  of  stemflow.   It  is 
adjusted  to  reflect  the  density  of  the 
canopy  in  question.   Adjustments  are  made 


on  a  basal  area  basis  for  trees  and  a 

percent  crown  coverage  basis  for  hazel 

and  bracken  fern. 
Water  Yield:   The  amount  of  water  measured 

as  streamflow  or  groundwater  recharge. 
All  precipitation  components  are  expressed 
on  an  equivalent  area-depth  basis,  in 
millimeters  (mm) . 

Conversion  Factors 


(inches) (25. 4)  =  mm 
(feet)(0.3048)  =  m 
(acres) (0.4047)  =  ha 
(ftVacre)  (0.22957)  =  m2/ha 
(millimeters) (0.03937)  =  in. 
(meters) (3. 2808)  =  ft. 
(hectares) (2.47104)  =  acres 
(m2/ha) (4.35603)  =  ft2/acre 


APPENDIX  II— DERIVATION  OF  APPLICATION  PROCEDURES 


The  following  equation  will  illus- 
trate the  derivation  of  application  proce- 
dures for  evaluating  large  planning  units: 


AQ 
or 


Sn- 


(100) 


(AA 
AQ=  T 


x!00)(qn)+(100- 


(AA  xl00))(Q) 


•[100] 


where: 


AA 


=  total  planning  unit  area 
=  existing  hardwood  area 
=  desired  hardwood  area 

=  I  H  -  H ,  I  =  absolute  value  of  net  area 
changed  from  hardwood  to  pine  or  vice 


versa 
Q  =  existing  water  yield  (area  basis) 


A  Q  =  percent  change  in  existing  water  yield 
A  NP  =  difference  in  net  precipitation  for 

hardwood  and  pine  forests  on  the  planning 

unit 
q   =  Q  -  A  NP  =  water  yield  from  converted 

area  (subtract  A  NP  for  hardwood  to 

pine  conversions;  add  for  the  converse). 
U  =  T  -  A  A  =  net  area  on  planning  unit 

which  is  unchanged 
Q_  =  the  new  estimate  of  water  yield  on  the 

entire  planning  unit. 
Qn  =  (AA)(q„)  +  (U)(Q) 
T 

Other  data  can  be  utilized  in  the  fore- 
going procedure  by  simply  substituting  for 
the  ANP  term.   For  instance,  differences  in 
soil  water  depletion,  streamflow  response  to 
clearcutting,  and  actual  streamflow  following 
conversions  could  be  utilized  if  available. 


APPENDIX  HI  —  DOCUMENTATION  FOR  ASPEN  AND  RED  PINE  EQUATIONS 


Two  basic  equation  forms  were  used; 
one  for  net  storm  rainfall  and  one  for 
net  seasonal  snowfall.   The  general  equation 
for  individual  rain  storms  was: 

Net  P  =  ATB  +  BTH  +  CTT  +  Sg  +  SR  +  St    (1) 

where:   Net  P  =  Net  storm  precipitation 
(rainfall)  reaching  the  ground 


Tg  =  Throughfall  under  bracken  fern 
TH  =  Throughfall  under  hazel 
Tj  =  Throughfall  under  trees 
A,  B,C=  Coefficients  reflecting  the  percent 

coverage  of  holes  in  successively 

lower  canopies 
Sg  =  Stemflow  down  bracken  fern  stems 
Sj|  =  Stemflow  down  hazel  stems 
Sx  =  Stemflow  down  tree  stems 

All  components  are  expressed  on  a  mm  basis. 
The  basic  form  was  modified  for  dormant 
season  rainfall  by  deleting  the  bracken 
fern  components.   The  dormant  season  was 
defined  annually  as  including  two  periods: 
October  1  until  the  first  snow  and  the  last 
snow  until  May  15. 

The  tree  throughfall  and  stemflow 
values  were  derived  using  the  equations  in 


tables  2,  3,  and  A.   The  hazel  T  and  S 
values  are  derived  from  equations  using  tree 
throughfall  as  the  independent  variable; 
and  the  bracken  fern  T  and  S  values  are 
derived  from  equations  using  hazel  through- 
fall  as  the  independent  variable.   Exceptions 
to  this  progression  are  sometimes  used  to 
take  advantage  of  various  independent 
studies.   Where  available  each  equation  has 
the  variance  (S  y.x)  and  number  of  data  sets 
going  into  it  (N)  listed. 

Annual  net  snowfall  was  calculated 
using  only  one  equation  for  the  entire 
snow  year.   The  general  equation  is: 


MP  =  A  +  BP 


(Ji 


where : 


MP  =  The  maximum  water  content  occurring 
in  the  snowpack  for  a  given  year, 
P  =  Standard  snow  gage  precipitation 
(shielded,  ethylene  glycol  and  oil 
charged  standard  U.S.  Weather  Bureau 
snow  gages)  for  the  period  between 
the  first  snowfall  to  stay  on  the 
ground  and  the  time  of  maximum 
snowpack  water  content. 

A,B=  Coefficients  in  a  first  degree 
polynomial . 


Table  2. — Stemflow,    throughfall,    and  net  precipitation 
equations  for  a   23  BA  aspen,    hazel,    bracken  fern 
forest,    growing  season  conditions 
(In  mm) 


Component 

Equation 

:S 

2 

V'x 

:N3: 

Source 

Aspen 

stemf low 

(v  ■ 

-0 

051  +  0.040  P 

0 

.0017 

27 

C) 

Aspen-hazel 

throughfall 
Hazel 

stemf low 

(Vh> 
(sH)  = 

(4 

-1.041  +  0.858  P 

1.451      r?  n,  T-0.182 
2)(0.001TA     )(2.6r2'06  TA     ) 

A 

2865)(0.034)(T   )(0-873> 

.0152 

28 
36 

Clements 
1971 

Bracken  fern 
stemf low 

(V  = 

(3 

.0212 

8 

Clements 
1971 

Bracken  fern 

A-H 

Clements 

throughfall 

Net 

(Tb)  = 

-C 

250  +  0.76  T 

A-H 

.109 

8 

1971 

precipitation 

(Net  P) 

= 

0.52  TB+  0.48  TA_R+  SA  +  SR  +  Sfi 

- 

- 

- 

P=gross  rainfall;  T, 
A 
stems  pe 


TA-H  +  °-058  p  +  °-23  calculated  from  Clements  1971; 
r  Ha  t  10,000;  2.6  =  mean  height  of  codominant  hizel 


4.2  amd  3.2865  =  No 

stems  (in  m) ;  0.52  =  decimal  percent  of  bracken  fern  crown  coverage,  0.48 

decimal  percent  of  "holes"  in  bracken  fern  canopy. 


S^x  refers  to  single  stem  equation  (delete  area  factor  of  3.2865). 
N  =  number  of  data  sets  in  each  equation 


Verry,  unpublished  data.   (A  1969  and  1970  interception  study  at  the  Marcell 
Experimental  Forest  in  the  aspen  stand  described  in  table  1.   Stemf low  was 
measured  by  area  on  two  0.016  ha  plots  with  12  trees  each.   Throughfall  measured 
in  25  randomly  located  rain  gages  setting  on  the  ground  beneath  the  tree  and  hazel 
canopies . ) 


Table  3. — Stem  flow,    throughfall,   and  net  precipitation 
equations  for  a   23  BA  aspen,    hazel   forest,    dormant 
season  conditions 

(In  mm) 


Component 

2 
Equation               :  S   . 

X:N:    Source 

Aspen 

Verry,  Helvey 

stemf low 

(sA) 

=  -0 

051  +  (0.040)  (1.5)  P 

-  &  Patric  19651 

Aspen 

Helvey  & 

throughfall 

(T  ) 

=  -0 

381  +  0.914  P 

-  Patric  1965 

Hazel 

stemf low 

A 
(SR) 

=  (4 

2)(0.001Tl-451)(2.6)(2-06  T-0.182}  _ 

8  Clements2 

Hazel 

Helvey  & 

throughfall3 

(T  ) 

=  -0 

13  +  0.95  TA 
A 

-  Patric  1965 

Net 

precipitation"4 

(Net 

P)  = 

0.20  T  +  0.80  T  +  S   +  Su 
A          H     A     n 

- 

Slope  term  multiplied  by  1.5 

2  Based  on  a  few  measurements  there  is  no  difference  between  dormant  and 
growing  season  stemf low  relations  (Personal  Communication  with  Dr.  John  R.  Clements, 
October  1972). 

3  Percent  increase  terms  of  1.515  and  1.0111  are  applied  to  slope  and  inter- 
cept terms  respectively;  after  relations  for  hardwoods. 

4  0.80  =  decimal  percent  of  hazel  crown  coverage  and  0.20  =  decimal  percent  of 
"holes." 


-1 


Table  4. — Stemflow,  thr oughfall ,  and  net  precipitation 
equations  for  a  23  BA  red  pine,  hazel,  bracken  fern 
forest,    growing  season  conditions 


Component 

Equation 

S2           : 

yx 

N 

:    Source 

Red   pine 

Rogerson   & 

stemf low 

(V 

= 

-0.076   +   0.02   P 

0.003 

80 

Byrnes   1968 

Red   pine 

R 

Rogerson 

throughfall 

(T    ) 

= 

-1.02934   -   0.00422   P    (23)    +  0.97950  P 

.065 

80 

1967" 

Hazel 

stemf low 

R 

(sH) 

= 

(1.5815)(0.001   TD1-451)(2.0)(2'06   TR"° 

R 

182) 

36 

Clements 
1971 

Hazel 

Clements 

throughfall 

(TH) 

= 

0.50   TR  +   0.50    (-0.27   +   0.94   TR) 

.3032 

27 

1971 

Bracken    fern 

Clements 

stemf low 

(Sp) 

= 

(2.6193)(0.034)(TH)(0,873) 

.0213 

8 

1971 

Bracken    fern 

Clements 

throughfall 

(Tb) 

= 

-0.250  +   0.76   TD 

K 

.109 

8 

1971 

Net 

precipitation 

(Net 

P) 

=    0.41   TB  +   0.59   TR  +   Sr  +   SH  +   Sg 

- 

— 

— 

1  P  =  gross  rainfall;  23  =  BA  red  pine  (m2/ha) ;  1.5815  and  2.6193  =  No.  stems 
per  ha  '■    10,000;  2.0  =  mean  height  of  codominant  hazel  stems  (in  m)  ;  0.50  =  decimal 
percentage  of  hazel  crown  coverage  and  "holes"  in  hazel  crown;  0.41  =  decimal  per- 
centage of  bracken  fern  crown  coverage;  0.59  =  decimal  percentage  of  holes  in 
bracken  fern  canopy. 

2  Refers  to  equation  in  parenthesis  only. 

3  Refers  to  single  stem  equation  (delete  area  factor  of  2.6193). 

k   Loblolly  pine  equation  with  .563  subtracted  from  intercept  term.   0.563  derived 
from  comparison  of  red  pine  and  loblolly  pine  equations. 


Specific  equations  that  were  used  to  cal- 
culate net  snowfall  under  each  forest  type 
are  shown  in  table  5. 


To  obtain  the  annual  net  precipitation, 
the  following  equation  was  used: 


Table  5. — Seasonal  net  snowfall  equations 
(In  mm) 


NP  =   I 
i  =  1 


net  ?±  +   MP 


(3) 


Forest 

:Maximum  water   content 
:                 equation 

S2 
y-x 

N 

Source 

24 

3    BA  Aspen 

MP   =    2.134  +   0.900   P 

2.134 

39 

n 

34 

4  BA  Jack  pine 

MP  =  -9.627  +  0.879  P 

7.378 

10 

(2) 

32 

1    BA  Red   pine 

MP  =  -9.627  +  0.879  P 

- 

- 

(3) 

23 

BA  Red  pine 

MP   =   -7.087   +   0.879   P 

- 

- 

(3) 

13 

8   BA  Red   pine 

MP   =  -4.547  +  0.879  P 

- 

- 

O 

MP  =  The  maximum  water  content  occurring  in  the 
snowpack  for  a  given  year.   P  =  The  sum  of  standard 
snowgage  precipitation  for  the  period  between  the  time 
of  the  first  snowfall  to  stay  on  the  ground  and  the  time 
of  maximum  snowpack  water  content. 

Verry,  unpublished  data.  Based  on  10  years  of 
Mt.  Rose  snowtube  measurements  at  78  aspen  points  and 
10  jack  pine  points  on  the  Marcell  Experimental  Forest. 

3  Bay,  R.  R. ,  and  D.  H.  Boelter,  unpublished 
data.  Exploration  study  of  snow  accumulation, 
snow  disappearance,  soil  freezing  and  moisture  regime 
in  several  types  of  northern  Lake  States  forests. 
Final  Progress  Rpt,  1960,  on  file  at  the  Northern 
Conifers  Laboratory,  Grand  Rapids,  Minnesota.   Two  years 
of  maximum  snowpack  data  under  three  stocking  levels 
of  red  pine  were  similar  to  our  jack  pine  data.   There- 
fore we  used  our  iack  pine  equations  for  red  pine  with 
appropriate  changes  in  the  intercept  terms  for  the  three 
stocking  levels.   Red  pine  data  from  Dils  and  Arend 
(1956)  for  snow  depths  showed  a  similar  trend.  These 
equations  are  also  within  the  data  range  for  snowpack 
water  content  given  by  Hansen  (1969)  at  the  61  mm  P  level. 


where: 


net  P.  =  the  amount  of  net  precipitation 
per  rainstorm 
n  =  the  number  of  rainstorms  per 
year 
MP  =  the  total  net  snowfall 


A  year  was  defined  as  beginning  on  April 
1  and  ending  on  March  31.   A  rainstorm  was 
defined  as  a  rainfall  event  separated  by 
at  least  6  hours  from  another  rainfall 
event.   All  of  the  net  precipitation 
equations  were  applied  to  actual  rain 
and  snow  records  from  the  Marcell  Experi- 
mental Forest  in  north  central  Minnesota 
(Ca.  47°  32'N,  93°  28'W).   High,  average, 
and  low  rainfall  years  were  combined  with 
high,  average,  and  low  snowfall  years, 
respectively,  to  avoid  possible  confounding 
of  forest  comparisons.   The  resulting  range 
of  annual  precipitation  was  identical  to 


the  measured  range  of  annual  precipitation. 
There  were  periods  of  2  to  4  weeks  during 
each  year  when  snow  fell  after  the  snow- 
pack  began  to  melt.   I  assumed  that  these 
snowfalls  would  be  followed  by  above 
freezing  temperatures  and  that  net  precipi- 
tation could  be  calculated  best  using  the 
net  storm  rainfall  equations. 

Equations  for  dormant  season  hazel 
throughfall  and  stemflow  in  the  red  pine 
stand  are  identical  to  those  of  the  aspen 
stand  except  that  T  replaces  T.  and  stems 
per  hectare  values  are  changed  appropriately 
(table  1).   The  net  storm  precipitation 
equation  for  dormant  season  red  pine  stands 
is  similar  to  that  of  table  3  except  TR 
replaces  T.  and  the  crown  coverage  weighting 
factors  are  0.50  and  0.50. 


Growing  and  dormant  season  rainfall 

T,  S  and  Net  P  equations  for  13.8  and 

32.1  BA  red  pine  forests  are  identical  to 

those  for  23  BA  red  pine  except  as  modified 

by  basal  area,  stems  per  acre,  and  percent 
crown  coverage. 


All  the  equations  for  net  rainfall 
components  are  applicable  for  gross 
rainstorms  of  2-50  mm  except  the  equation 
for  aspen  stem  flow  during  the  dormant 


season  which  is  applicable  for  2-25  mm. 
Equations  for  maximum  snowpack  water  content 
are  applicable  for  seasonal  gross  precipi- 
tation from  60  to  220  mm. 


Many  studies  in  the  literature  do  not 
list  variances,  data  sets  or  sum  of 
"independent  variable"  deviations.   There- 
fore, a  straightforward  variance  calcula- 
tion for  annual  net  precipitation  totals 
is  impossible.   Other  fundamental  gaps  in 
data,  such  as  additional  water  losses  be- 
tween site  and  user  makes  a  statistical 
treatment  of  secondary  importance. 


The  net  storm  rainfall  equations  were 
used  with  actual  growing  season  and  dormant 
season  rainfall  data  and  summed  to  calculate 
the  annual  distribution  of  rainfall  in  the 
aspen  and  red  pine  forests.   Data  for  an 
average  rainfall  year  are  shown  in  table  6. 


The  net  storm  rainfall  equations  were 
added  to  net  seasonal  snowfall  equations 
for  low,  average  and  high  precipitation 
years  to  give  annual  estimates  of  net 
precipitation  (table  7).   The  total  net 
precipitation  data  for  aspen  and  red  pine 
forests  were  used  to  construct  the  lines 
in  figure  1. 


Table  6. — Distribution  of  rain  in  four  forests  for  an 
average  precipitation  year 
(In  mm) 


Rainfall  season 
and  forest 

Stem- 
flow 
tree 

:Stem- 
:  flow 
: hazel 

:Stem- 
:  f  low 
:bracken 

Through- 
fall 
tree 

:Through- 
:   fall 
:   hazel 

:Through- 
:   fall 
:  bracken 

Net 
precipitation 

Average  growing  season 

rain 

(460 

mm) 

23 

BA 

aspen 

16 

19 

28 



348 

300 

362 

13 

8  BA 

red  pine 

6 

11 

26 

377 

350 

306 

349 

23 

BA 

red  pine 

6 

5 

22 

359 

343 

306 

339 

32 

1  BA 

red  pine 

6 

2 

15 

342 

328 

301 

325 

Average  dormant  season 

rain 

(175 

mm) 

23 

BA 

aspen 

9 

7 

— 

149 

140 



156 

13 

8  BA 

red  pine 

2 

4 

— 

136 

128 



134 

23 

BA 

red  pine 

2 

2 

-- 

129 

125 



128 

32 

1  BA 

red  pine 

2 

1 

— 

123 

119 



121 

Average  growing  and 

dormant  season  rain 

(635 

mm) 
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Table  7. — Net  precipitation  under  four  forests  in 
north-central  Minnesota  for   low>   average,   and 
high  precipitation  years 


\ 

No.  of 

'Gross 

•  23  BA 

13.8  BA: 

2  3  BA  : 

32.1  BA 

Precipitation   : 

storms 

"precip. 

aspen 

red  : 

red  : 

red 

pine  : 

pine  : 

pine 

LOW 

Rain 

GS1 

mm 

41 

272.3 

200.3 

190.8 

185.9 

178.1 

% 

(100) 

(73.5) 

(70.1) 

(68.3) 

(65.4) 

DS2 

mm 

39 

207.8 

182.2 

150.4 

144.2 

136.2 

/o 

(100) 

(87.7) 

(72.4) 

(69.4) 

(65.6) 

Subtotal 

mm 

80 

480.1 

382.5 

341.2 

330.1 

314.3 

% 

(100) 

(79.7) 

(71.1) 

(68.7) 

(65.5) 

Snow 

mm 

25 

61.0 

56.9 

49.3 

46.7 

44.2 

% 

(100) 

(93.3) 

(80.8) 

(76.6) 

(72.5) 

Total 

mm 

105 

541.1 

439.4 

390.5 

376.8 

358.5 

% 

(100) 

(81.2) 

(72.2) 

(69.6) 

(66.2) 

AVERAGE 

Rain 

GS 

mm 

47 

459.5 

362.4 

349.2 

338.8 

325.1 

% 

(100) 

(78.9) 

(76.0) 

(73.7) 

(70.8) 

DS 

mm 

27 

175.0 

156.1 

133.9 

128.2 

121.3 

% 

(100) 

(89.2) 

(76.5) 

(73.3) 

(69.3) 

Subtotal 

mm 

74 

63^.5 

518.5 

483.1 

467.0 

446.4 

% 

(100) 

(81.7) 

(76.1) 

(73.6) 

(70.4) 

Snow 

mm 

34 

121.9 

111.8 

102.9 

100.3 

97.8 

% 

(100) 

(91.7) 

(84.4) 

(82.3) 

(80.2) 

Total 

mm 

108 

756.4 

630.3 

586.0 

567.3 

544.2 

% 

(100) 

(83.3) 

(77.5) 
HIGH 

(75.0) 

(71.9) 

Rain 

GS 

mm 

45 

477.5 

381.0 

367.0 

355.6 

341.3 

% 

(100) 

(79.8) 

(76.8) 

(74.5) 

(71.5) 

DS 

mm 

^6 

241.0 

221.0 

197.0 

188.2 

178.3 

% 

(100) 

(91.7) 

(81.7) 

(78.1) 

(74.0) 

Subtotal 

mm 

71 

718.5 

602.0 

564.0 

543.8 

519.6 

% 

(100) 

(83.8) 

(78.5) 

(75.7) 

(72.3) 

Snow 

mm 

33 

208.3 

189.5 

178.8 

176.3 

173.7 

% 

(100) 

(91.0) 

(85.5) 

(84.6) 

(83.4) 

Total 

mm 

104 

926.8 

791.5 

742.8 

720.1 

693.3 

% 

(100) 

(85.4) 

(80.1) 

(77.7) 

(74.8) 

*GS  =  Growing  season 


'DS 


Dormant  season 
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APPENDIX  IV— DOCUMENTATION  FOR  BLACK  SPRUCE  EOUATIONS 


Stemflow  and  throughfall  were  measured 
in  two  black  spruce  stands  on  the  Marcell 
Experimental  Forest  in  1969  and  1970.   In 
these  stands,  which  grew  on  organic  soils, 
there  were  not  any  tall  shrubs  or  forbs. 

The  73-year-old  stand  had  a  total  basal 
area  of  30.1  m  /ha  on  3,029  stems.   The 
62-year-old  stand  had  a  total  basal  area 
of  26.2  m  /ha  on  8,411  stems.   Average  domi- 
nant height  in  the  older  stand  was  15  m  and 
11  m  in  the  younger  stand.   Crown  coverage 
in  both  stands  was  approximately  68  percent. 

Stemflow  was  measured  on  a  0.016  ha 
plot  in  each  stand  from  12  trees.   Throughfall 
was  measured  in  25  randomly  located  rain 
gages.   There  was  no  difference  in  data 
between  the  two  stands  (P  >  0.10). 


SRc  =  -0.004  +  0.001  P  mm  S*. 
DD  y  x 


0.0004  mm 

N  =  47 


TBS  =  -1.600  +  0.934  mm 


where: 


Sfr   v  =  0.025  mm 
y  .x 


Sgs  =  black  spruce  stemflow 

P  =  gross  rainfall 
TRC,  =  black  spruce  throughfall 

A  seasonal  net  snowfall  equation  was 
derived  from  10  years  of  Mt.  Rose  snowtube 
measurements  at  39  points  under  six  stands 
on  the  Marcell  Experimental  Forest.   The 
six  stands  averaged  23  m  /ha  of  total  basal 


area  on  1,860  stems.   Average  dominant 
height  was  13.4  m,  average  age  90  years, 
and  average  crown  coverage  51  percent. 


MP 


The  seasonal  net  snowfall  equation  was: 

.2 


-1.448  +  0.782  P  mm  S." 


y.x 

N  =  19 


2.397 


where : 


MP  =  the  maximum  water  content  occurring 
in  the  snowpack 
P  =  the  sum  of  standard  snowgage  precipi- 
tation 

The  black  spruce  equations  above  were 
solved  for  low,  average  and  high  precipita- 
tion year  to  give  the  net  precipitation 
values  in  table  8.   Stemflow  values  were 
only  a  trace  on  an  area  basis;  therefore, 
the  net  precipitation  values  in  table  8  are 
simply  black  spruce  throughfall.   These 
values  are  similar  to  the  red  pine  values 
without  shrub  and  bracken  fern  components. 
Thus,  they  may  be  applicable  in  evaluating 
conversions  on  uplands  where  black  spruce 
stands  have  a  shrub  component. 

Table  8. — Net  precipitation  under  black 
spruce  on  organic  soil  with  no   tall 
shrubs  or  forbs 

(In  mm) 


Precipitation 
component 

:   Low 

year 

: Average 

Year 

High 

Year 

:Gross 

:   Net 

:  Gross 

:  Net 

Gross 

Net 

Rain 
Snow 
Total 

480.1 
61.0 

335.9 
46.5 

634.5 
121.9 

488.2 
94.0 

718.5 
208.3 

568.5 
161.5 

541.1 

382.4 

756.4 

582.2 

926.8 

730.0 
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A  COMPUTER  SIMULATION  OF  FULL-TREE  FIELD  CHIPPING  AND  TRUCKING 


Dennis  P.  Bradley,  Frank  E.  Biltonen,  and  Sharon  A.  Winsauer 


Loggers  and  wood  users  have  shown  con- 
:inuing  interest  in  full-tree  field  chipping 
Irom  its  conception,  but  its  complexity, 
ligh  costs,  and  mill  use  problems  have  dis- 
:ouraged  acceptance.   A  key  factor  in  the 
slow  pace  of  adopting  this  or  any  other  new 
larvesting  technique  is  the  fact  that  "trial 
tnd  error"  is  the  dominant  form  of  learning 
low  to  use  new  harvesting  methods.   This 
lay  have  been  adequate  before  but  certainly 
lot  now.   Loggers,  landowners,  and  consumers 
ill  lose  when  logging  methods  are  inefficient, 
Setter  methods  of  planning  to  improve  har- 
vesting efficiency  are  urgently  needed. 


Simulation  or  modeling  is  actually  an 
old  tool:   the  value  of  model  bridges  and 
aircraft  is  familiar  to  all.   However,  a 
computerized  abstraction  of  a  harvesting 
system  seems  quite  different.   How  can 
numbers  in  a  calculator  express  the  complex 
relations  between  men,  machines,  and  work 
rules?   Although  the  process  sounds 
mysterious  and  uselessly  hypothetical, 
computer  simulation  has  nevertheless 
proved  to  be  an  extremely  powerful  ap- 
proach to  system  design  in  many  other  prob- 
lem areas.   And  there  is  every  reason  to 
expect  a  similar  contribution  to  logging. 


PURPOSE 


WHAT  THE  SIMULATOR  IS  AND  DOES 


This  paper  describes  the  principal 
features  of  a  computer  simulation  of  a 
!ull-tree  chipping  system  that  can  help 
.oggers  increase  production  and  lower  costs. 
?he  purpose  of  this  work,  in  addition  to  < 
Improving  the  efficiency  of  field  chippers, 
is  to  demonstrate  the  flexibility  and  realism 
:hat  can  be  achieved  with  simulation  for 
:he  improvement  of  any  harvest  system. 


Only  the  larger  companies  and  loggers 
lave  the  resources  to  put  simulation  to 
immediate  use,  but  the  spin-off  of  im- 
)roved  techniques  and  methods  will  benefit 
ill  loggers.   Future  publications  will 
include  a  more  detailed  description  of 
:he  model  as  well  as  specific  examples  of  how 
his  simulator  has  been  used  by  loggers  to 
lirect  changes  in  their  operations. 


This  simulator  is  a  computer  program 
whose  instructions  represent  (a)  the  re- 
sources used  by  the  real  system,  such  as 
men  and  machines;  (b)  the  actions  performed 
by  these  resources;  and  (c)  the  operating 
rules  that  determine  what  will  happen  next 
when  decisions  are  necessary.   In  addition, 
a  simulated  clock  provides  the  background 
in  which  all  the  resources,  actions,  and 
rules  interact. 

The  real  system  is  simulated  by  telling 
the  computer  to  symbolically  set  the  re- 
sources to  work  for  a  desired  period  of 
simulated  time.   At  the  end  of  this  simulated 
time,  which  may  represent  months  of  real 
activity,  the  computer  tells  the  user  how 
the  model  performed.   For  example,  how  much 
wood  was  produced,  how  much  did  it  cost, 
where  did  one  machine  interfere  with  another, 
etc.?   This  report  or  history  of  the  model 
is  the  payoff.   If  the  user  is  confident 


that  the  model  is  a  realistic  copy  of  the 
real  system,  (more  will  be  said  about  model 
realism  later)  he  can  draw  conclusions  about 
how  to  operate  the  real  equipment.   Should 
he  add  or  remove  equipment,  or  change 
operating  rules,  or  alter  work  schedules? 

Because  computers  are  so  fast,  time, 
in  effect,  can  be  compressed  and  months  or 
years  of  activity  can  be  summarized  in  a 
few  milliseconds  of  computer  time.   And 
therefore,  many  system  alternatives  can  be 
examined  realistically  in  a  fraction  of 
the  time  and  cost  required  for  an  actual 
field  test.   Simulation  does  not  eliminate 
the  need  for  field  testing  but  a  great  deal 
of  wasted  effort  can  be  avoided. 

The  simulator  is  written  in  GPSS/360, 
an  extremely  popular  and  powerful  general 
purpose  simulation  language.  Developed  by 
IBM,!'  this  language  has  now  been  imple- 
mented on  the  machines  of  several  manu- 
facturers. 

International  Business  Machine 
Corporation.   General  Purpose  Simulation 
System  V  Users'  Manual.   SH20-0851-1. 
White  Plains,  New  York.   422  p.   Illus. 
1973. 


DESCRIPTION  OF  THE  SIMULATOR 

The  simulator  duplicates  the  major 
features  found  in  a  real  system  (fig.  1): 

1.  A  stand  of  trees. 

2.  Feller-bunchers. 

3.  Skidders. 

4.  A  chipper  with  loader. 

5.  Trucks  and  vans. 

6.  One  or  two  optional  setout  trucks. 

7.  Mill  yard  scale  and  chip  dumper. 

8.  Other  trucks  (provide  realistic  com- 
petition at  the  mill  scale  and  dumper) . 

9.  A  master  timer. 

The  following  descriptions  of  each  segment 
include  the  processes  being  simulated,  the 
data  to  be  provided  by  the  users,  ttye  kinds 
of  events  that  result  in  decisions,  and  the 
quantifiable  criteria  for  making  each 
decision. 

A  realistic  correspondence  between 
the  real  system  and  its  model  is  essential 
in  establishing  a  user's  confidence  in  the 
model.   On  the  other  hand,  it  should  also 
be  apparent  that  not  all  detail  is  equally 
relevant.   For  example,  we  feel  that  the 
f eller-buncher 's  travel  and  harvesting 
actions  in  this  model  are  very  realistic. 


TRUCKS  &  VANS 


A  CHIPPER 


, 


FELLER-BUNCHERS 


Figure  1. — The  full-tree  field  chipping  system. 


le  feller-buncher  travels  to  each  tree, 
:11s  it,  and  leaves  it  or  carries  it 
.ong.   Each  tree  has  a  unique  location, 
.ameter,  and  volume.   Average  felling 
ites  or  average  tree  sizes  or  aver- 
;e  travel  distances  are  not  used.   Yet, 
le  model  does  not  include  refueling 
:ops.   In  other  words,  we  felt  that 
lique  tree  positions  and  volumes 
;re  very  important  details  but  that 
ifueling  was  not. 

The  same  point  can  be  made  for  every 
her  segment;  we  feel  that  we  have  in- 
uded  the  relevent  realistic  detail. 
ie  degree  of  detail  described  here  and 
w  well  it  fits  a  user's  own  conceptions 
Ld  needs  will  determine,  in  large  part, 
>w  useful  this  model  will  be  for  him.   In 
ly  event,  we  hope  that  the  general 
proach  described  here  will  be  valuable, 
rtainly,  the  simulator  can  be  modified 
necessary. 

This  simulator  has  been  designed  to 
as  independent  of  specific  machines 
possible.   That  is,  the  nature  and 
e  order  of  the  processes  performed  by 
ch  machine  are  the  same  regardless  of 
e  brand  name  or  size  of  the  machine, 
fferences  in  machine  speeds  and  capa- 
ties  can  then  be  changed  by  the  user  to 
t  the  specific  machines  he  wishes  to 
serve. 


Feller-Bunchers 
ller-Buncher-- Stand  Interaction 

The  number  of  f eller-bunchers,  stand 
laracter,  and  terrain  are  the  main  factors 
'fecting  feller-buncher  production. 

The  f eller-bunchers  harvest  a  stand 
ised  on  an  arbitrarily  selected  basic  plot 
:  1  or  2  acres.   The  basic  plot  data, 
rovided  by  the  user,  consists  of  unique 
■ee  locations  (x  and  y  coordinates)  and 
)lumes  for  each  tree  in  the  stand.   Prior 
>  the  simulation,  the  user  prepares  a 
'o-dimensional  plot  of  the  test  stand 
id  manually  selects  a  tree  felling  order 
)r   every  tree  in  the  basic  plot.   This 
lling  order  is  selected  in  a  way,  logi- 
lly  and  practically  similar  to  the  order 

actual  feller-buncher  would  use. 
though  this  felling  order  is  followed 
ecisely  by  all  f eller-bunchers,  bunch 
reposition  and  the  actual  travel  path  are 


established  independently  and  may  differ 
considerably.  This  process  is  described 
below. 

To  achieve  a  harvested  area  of  the 
desired  size  for  simulation,  since  1  or 
2  acres  may  not  be  an  adequate  test,  the 
basic  plot  can  be  harvested  as  many  times 
as  necessary.   The  total  harvest  area 
desired  is  divided  equally  among  the 
f eller-bunchers  into  as  many  basic  plot 
units  as  necessary.   (This  process  of 
harvesting  the  same  plot  many  times  is 
dictated  primarily  by  computer  core 
memory  limitations.   It  may  be  possible 
to  replace  it  with  one  large  plot  if  the 
data  and  core  space  are  available) 

Thus,  each  feller-buncher  will  harvest 
this  basic  plot  several  times  in  order  to 
achieve  the  desired  harvest  area  for  all 
f eller-bunchers.   A  Basic  plot  is  here- 
after called  a  subregion.   The  tota".  number 
of  subregions  assigned  to  each  feller- 
buncher  is  called  a  region. 

This  segment  permits  a  user  to  choose 
two  basic  methods  to  prepare  bunches  for 
skidding.   First,  trees  may  be  cut  and 
carried  one  at  a  time  to  a  bunch  on  the 
ground  until  the  desired  bunch  size  is 
reached.   Second,  several  trees  may  be 
cut  and  carried  along  in  an  accumulator. 
When  full,  this  accumulation  or  bouquet  will 
be  deposited  on  the  ground  as  a  complete 
bunch  by  itself,  or  it  may  become  a  partial 
bunch  to  which  other  bouquets  are  added. 
Desired  bunch  size,  accumulator  limits, 
feller-buncher  to  tree  distance  limit,  and 
partial  bunch  to  tree  distance  limit,  can 
all  be  set  by  the  user. 

For  the  feller-buncher  and  all  other 
segments,  the  times  consumed  in  carrying 
out  the  specific  processes  must  be  pro- 
vided by  the  user.   An  important  point  to 
note  here  is  that  all  segments  in  the 

model  can  accomodate  not  only  constant 

■  ■ 
data  but  also  data  with  random  variation, 

or  any  mixture  of  the  two  at  the  user's 
discretion.   For  example,  the  user  may 
decide  to  have  each  feller-buncher  travel 
at  precisely  the  same  speed  all  the  time 
or  he  may  permit  machines  to  vary  their 
speed  at  random,  around  some  mean  speed. 
This  ability  to  reproduce  random  variation 
is  extremely  important  in  achieving  realism, 
although  it  also  raises  some  data  collec- 
tion and  analysis  problems,  to  be  discussed 
later. 


Another  feature  of  this  model  that 
requires  emphasis  is  that  individual  trees 
maintain  their  identity  from  the  time  they 
are  cut  until  they  are  chipped  and  blown 
into  the  van.   This  consistency  is  extremely 
important  but  has  not  been  a  part  of  other 
harvesting  simulators. 

Feller-Buncher — Feller-Buncher  Interaction 

If  by  chance  a  feller-buncher  com- 
pletes the  felling  and  bunching  of  all 
assigned  subregions,  it  may  assist  any  other 
feller-buncher  who  has  not  completed  all  of 
his.   However,  the  subregion  or  basic  plot 
is  the  smallest  unit  that  a  feller-buncher 
can  work  in;  that  is,  only  one  feller-buncher 
is  allowed  in  a  subregion  at  a  time  while 
several  f eller-bunchers  can  work  in  the 
same  region. 

When  all  subregions  and  regions  have 
been  felled,  the  f eller-bunchers  quit; 
presumably  they  go  to  another  logging 
chance  independent  of  the  area  under  sim- 
ulated harvest. 

Each  bunch,  when  completed  by  the 
feller-buncher,  possesses  all  the  informa- 
tion necessary  to  affect  skidding  and  chip- 
ping operations  on  it.   For  example,  each 
bunch  includes  1)  a  record  of  each  individ- 
ual tree  volume  as  well  as  their  sum; 
2)  its  skid  distance  to  the  landing;  3)  the 
feller-buncher  that  produced  it;  and  4)  the 
subregion  in  which  it  was  felled. 

Feller-Buncher — Skidder  Interaction 

One  additional  feature  is  provided  in 
the  case  of  a  skidder  catching  up  to  a 
feller-buncher  and  deciding  (these  rules 
will  be  described  later)  to  take  the  partial 
bunch,  that  is,  a  bunch  not  complete  in 
the  feller-buncher 's  opinion.   Of  course, 
if  the  skidder  takes  this  partial  bunch, 
the  next  tree  felled  or  the  next  bouquet 
to  be  completed  will  be  the  next  partial 
bunch. 


Skidders 

Skidder s  convey  complete  bunches 
(complete  in  their  opinion)  from  the  bunches' 
locations  in  the  woods  to  the  landing  and 
chipper.   Numbers  of  skidders,  skid  dis- 
tances, terrain,  and  bunch  size  are  the  prin- 
cipal factors  affecting  skidding  production. 


Skidder — Feller-Buncher  Interaction 

The  user  must  initially  assign  one  or  nor) 
skidders  to  work  with  each  feller-buncher. 
Each  skidder  can  be  thought  of  as  following  a 
trail  of  completed  or  partially  completed 
bunches  unique  to  its  feller-buncher  assign- 
ment. 

As  long  as  the  skidder  does  not  catch 
up  to  the  feller-buncher,  that  is,  as  long 
as  fully  completed  bunches  exist  on  its  uniqu 
trail,  the  skidder  stays  with  its  initial 
feller-buncher.  However,  if  it  does  catch  up 
a  change  in  feller-buncher  assignment  may  be 
necessary.   To  provide  the  model  with  this 
power,  a  set  of  tests  is  available  to  the 
user. 


When  a  skidder  catches  up,  it  checks  to 
see  if  the  partial  bunch  is  big  enough  to 
(a)  take   as  it  is,  (b)  wait   for  it  to  get 
bigger,  or  (c)  look   for  work  elsewhere  with 
another  feller-buncher.   Whether  the  bunch 
is  big  enough  determines  the  change,  and 
the  user  can  set  these  limits  as  he  sees  fit. 

Skidder — Chipper  Interaction 

Once  at  the  landing,  each  skidder  has 
more  decisions  to  make.   There  are  two 
places  to  take  the  wood — directly  to  the 
chipper,  or  to  the  stockpile.   The  reasons 
for  the  two  spots  are: 


, 


1.  If  the  skidders  begin  work  before  the 
chipper  arrives  on  the  job,  they  must  havi< 
a  place  to  deposit  bunches. 

2.  After  the  chipper  is  on  the  job,  the 
limited  capacity  of  the  area  within  read 
of  the  chipper' s  integral  loader  may 
require  a  skidder  to  wait  to  deposit  a 
bunch  directly  at  the  chipper. 

Since  the  whole  objective  is  to  elim- 
inate inefficiency,  the  model  provides  two 
sets  of  rules  to  achieve  efficient  routing. 
These  rules  can  be  changed  by  the  user  to 
find  the  best  rules  for  each  situation. 


Case  I — A  skidder  is  approaching  the 
landing  with  a  bunch  and  the  chipper  is  on 
the  job  (fig.  2).   The  skidder  can  either 
(a)  deposit  bunch  at  chipper  or  (b)  deposit 
bunch  in  stockpile.   There  are  two  costs 
dependent  on  the  decision: 

1.   If  deposited  at  chipper,  the  skidder 
may  incur1   waiting  costs. 
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re  2. — Skidder  logic  employed  for  Case  I, 


If  deposited  at  the  stockpile,  the 
skidder  wilt  unavoidably  incur   double 
handling  costs. 


A  skidder  asks  two  questions  to  reach 
:ision.   First,  does  the  chipper  need 
?   If  it  does,  take  the  bunch  to  the 
per.   On  the  other  hand,  even  if  the 
per  does  not  immediately  need  wood,  the 
ier  would  still  like  to  drop  its  bunch 


at  the  chipper  to  avoid  unnecessary  stock- 
piling if  the  estimated  skidder  wait  is  short. 
Thus,  the  second  question  is:   are  other 
skidders  ahead  of  him  to  cause  excessive 
waiting?   If  not,  take  the  bunch  to  the  chipper, 
Otherwise,  take  the  bunch  to  the  stockpile. 
The  minimum  amount  of  wood  needed  by  the 
chipper  and  the  limit  on  the  number  of  skid- 
ders waiting  to  drop  bunches  at  the  chipper 
can  be  changed  to  arrive,  by  repeated  trials, 
at  the  correct  tradeoff. 


Note  in  fig.  2  that  when  a  skidder  drops 
a  bunch  at  the  stockpile  it  categorically  goes 
back  to  the  woods  for  a  new  bunch. 


Case   II — From  Case  I,  the  skidder  has 
dropped  its  bunch  at  the  chipper  (fig.  3). 
It  can  either  (a)  get  a  new  one  from  the 
woods,  or  (b)  bring  a  bunch  from  the  stock- 
pile.  Three  potential  costs  are  associated 
with  this  decision: 


If  the  skidder  goes  back  to  the  woods, 
the  chipper  may  run  out  of  wood. 
If  it  decides  to  bring  another  bunch 
from  the  stockpile  just  as  another 
skidder  is  coming  from  the  woods,  it 
might  cause  this  other  skidder  to  drop 
its  bunch  in  the  stockpile  with  a  net 
loss  of  effort  due  to  (a)  double  handling 
two  bunches  instead  of  one  and  (b)  a 
disruption  of  skidding  operations. 


The  skidder  asks  three  questions  to  reach  a 
decision: 

1.  Does  the  chipper  still  need  wood? 

2.  How  many  other  skidders  are  waiting  to 
drop  bunches  at  the  chipper? 

3.  Is  any  other  skidder  "near"  the  landing? 


The  minimum  amount  of  wood  required  by 
the  chipper,  the  limit  on  the  number  of 
skidders  waiting  at  the  chipper,  and  distance 
from  the  landing  at  which  skidders  on  the 
landing  can  "see"  an  approaching  skidder, 
can  all  be  changed  to  test  their  effect  on 
skidding  costs.   Figures  2  and  3  are  not  com- 
plete in  detail  but  serve  to  show  the  logic 
employed. 

When  all  bunches  have  been  skidded, 
one  or  more  skidders  are  assigned  the  job 
of  emptying  the  stockpile  for  the  chipper 
or  the  chipper  can  be  brought  to  the  stockpile. 


CASE  I 


Get  load  from  stockpile 
and  bring  to  chipper 


Figure  3. — Skidder  logic  employed  for  Case  II. 
Chipper 

This  segment  duplicates  the  operation 
of  a  portable  chipping  machine  with  an 
attached  or  separate  loader.   Chipper  produc- 
tion is  dependent  primarily  on  tree  size, 
loader  capacity,  chipper  capacity,  and  the 
number  of  vans  that  can  be  positioned  in 
front  of  the  chip  spout. 

Chipper — Skidder  Interaction 

Bunches  of  trees  are  brought  by  skidders 
to  an  area  within  reach  of  its  loader  where 
the  bunches  are  "broken  up"  by  the  loader  to 
construct  chipper  loads.   The  size  of  each 
load  is  dependent  on  the  capacity  of  the 
loader's  grapple  and  the  chipper 's  mouth  and 
the  user  can  specify  this  load  size  in  terms 
of  number  of  stems  and/or  total  volume. 

After  picking  up  the  load,  the  loader 
places  it  on  the  feed  conveyor  and  assists 


the  chipper  feeding  process.   When  this 
assistance  is  completed,  the  loader  gets 
another  load  from  the  trees  in  the  buffer. 
The  simulator  records  chipper  delays  due 
to  the  skidders  not  bringing  enough  wood. 

Chipper — Van  Interactions 

The  number  of  slots  for  empty  vans, 
dependent  on  the  size  of  the  landing  area, 
and  on  the  flexibility  of  the  chipper  spout, 
is  set  by  the  user. 

Once  chipped,  the  load's  volume  is 
added  to  the  van  and  a  test  is  performed  to 
see  if  the  van  is  filled.   If  not,  another 
load  is  chipped.   When  the  van  is  filled,  it 
is  closed,  the  spout  is  moved  to  the  next 
empty  van  and  chipping  resumes.   Of  course, 
if  there  are  no  empty  vans  in  slots,  or  if 
there  are  no  more  trees  in  the  chipper 
buffer,  chipping  will  stop  and  the  delay  will 
be  recorded. 


Trucks,  Vans,  and  Setout  Trucks 

This  segment  has  the  job  of  moving  full 
vans  to  the  mill.   The  number  of  trucks,  set- 
out  trucks,  vans,  and  hauling  distance  are 
the  major  factors  affecting  productivity. 

Three  different  trucking  situations  are 
identified  in  this  model. 

Situation  1. 

a.  There  are  no  terrain  and  road  problems; 
highway  tractors  with  vans  can  drive 
directly  to  the  chippers  without  assis- 
tance. 

b.  Setout  trucks  for  handling  empty  and 
full  vans  are  not  required,  because 
either 

(1)  There  are  no   extra  vans  or 

(2)  There  are  extra  vans  but   the 
number  of  slots  at  the  chipper 
equals  or  exceeds  the  total  number 
of  vans. 

Situation  2. 

a.  There  are  still  no  terrain  or  road 
problems;  highway  tractors  can  get 
to  the  chipper  without  assistance, 
but 

b.  One  or  more  setout  trucks  are  required 
some  of  the   time   because  both  of  the 
following  conditions  are  true: 

(1)  There  are  extra  vans  and 

(2)  The  number  of  slots  at  the  chipper 
is  less  than  the  total  number  of 
vans. 
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jation  3. 

Terrain  and/or  road  problems  prohibit 
the  highway  trucks  from  bringing  empty 
vans  to  the  chipper.   They  must  drop 
empties  and  pick  up  full  vans  a  con- 
siderable distance  away. 
One  or  more  setout  trucks  must  therefore 
do  all  the  work  of  moving  empty  and  full 
vans  to  and  from  the  chipper.   Setout 
trucks  in  this  situation  are  probably 
specially  modified  dozers  or  skidders 
with  a  fifth  wheel. 


The  three  situations  are  distinguished 
narily  on  how  any  setout  trucks,  if  used, 
2ract  with  the  highway  trucks.   In 
jation  1,  a  setout  truck  is  never  used; 
2,  they  are  used  only  when  necessary 
ause  the  incoming  highway  trucks  can  do 
i  of  the  handling;  and  in  3,  they  are 
i  exclusively  for  van  handling.   In 
Ltion,  the  trucking  segment  distinguishes 
t/een  a  chipper  having  one  slot  in  front 
the  spout  and  two  or  more  slots. 

The  following  detailed  description  of 
:k,  van,  and  setout  truck  interactions 
two  or  more  slots  seems  to  concentrate 
situation  2,  but  it  works  the  same  for 
jation  1.   Situation  3  can  also  be 
lied  but  with  slight  modification. 

:k  and  Setout  Truck  Logic  for  Situation 
[wo  or  More  Slots 

As  already  summarized,  highway  trac- 

>  have  no  trouble  reaching  the  chipper, 
one  or  more  setout  trucks  are  required 

luse  there  are  more  vans  than  trucks, 
the  space  for  vans  at  the  chipper  is 

>  than  the  total  number  of  vans. 

Thus,  area  must  be  provided  within  a 
"t  distance  of  the  chipper  for  incoming 
:ks  to  drop  empty  vans  when  no  slots  at 
chipper  are  open. 

Also,  a  similar  (if  not  the  same)  area 
:  be  provided  for  full  vans  completed 
ire  highway  tractors  return  from  the  mill, 
.ously,  this  movement  of  empty  and  full 
i  in  the  absence  of  highway  tractors 

is  done  by  a  setout  truck  (SOT)  in 
■r  to  keep  the  chipper  working  and  to 
ice  truck  turnaround  time. 

The  HT's  and  the  SOT's  cooperate  to 
d  unnecessary  van  handling.   If  possible, 
iming  HT's  drop  empty  vans  directly  in  a 

at  the  chipper  and,    secondly,  they  also 


try  to  pick  up  a  full  van  or  attach  them- 
selves to  a  partially  full  one  in  another 
slot. 

Correspondingly,  but  with  the  subservient 
role,  the  SOT's  move  empty  vans  only  when  the 
chipper  needs  one  and  remove  full  vans  only 
when  no  HT's  are  around.   They  never  hook  up 
to  a  partially  full  van. 

At  the  instant  an  HT  reaches  the  landing 
with  an  empty  van,  the  location  of  empty  slots 
and  full  or  partially  full  vans  is  determined. 
Based  on  this  status,  the  complete  route  of 
this  HT  into  and  out  of  the  landing  is 
determined  at  this  time.   Then  it  proceeds 
to  drop  its  van  somewhere  and  to  pick  up  a 
full  one  or  attach  itself  to  a  partial  van 
somewhere  else.   Or  perhaps  the  HT  may  remain 
attached  to  its  original  van  until  a  slot 
is  open  and  its  van  can  be  filled.   But  in 
any  event,  once  it  is  on  its  way  into  the 
landing,  no  other  HT  or  SOT  can  disrupt  or 
change  its  route.   This  is  done  by  permitting 
the  HT  to  "reserve"  the  best  path  for  entering 
and  leaving  the  landing  that  it  saw  at  the 
outset . 

The  purpose  of  SOT's  is  to  increase  the 
productivity  of  both  the  chipper  and  the 
HT's  while  minimizing  their  own  work  and 
interference.   They  move  empty  vans  to  the 
chipper  from  the  empty  van  storage  area  and 
full  ones  from  the  chipper  to  the  full  van 
storage  area  only  (1)  when  there  are  no 
HT's  around  and  (2)  when  requested  to  by 
the  chipper. 

As  described  above,  the  HT's  will 
always  try  to  drop  their  empty  vans  directly 
in  a  chipper  slot  and  will  always  try  to 
pick  up  a  full  or  partially  full  van  at  the 
chipper. 

By  taking  empty  vans  to  the  chipper 
only  when  the  chipper  is  about  to  run  out 
of  empties,  the  SOT's  allow  these  slots 
to  remain  open  as  long  as  possible  for  the 
HT's.   This  minimizes  the  double  handling 
of  empties. 

By  picking  up  full  vans  at  the  chipper 
only  when  requested  to  do  so,  SOT's  allow 
the  returning  HT  the  maximum  opportunity  to 
get  a  full  van  right  at  the  chipper.   This 
minimizes  the  double  handling  of  full  vans. 

Truck  and  Setout  Truck  Logic  for 
Situation  2— One  Slot  Only 

When  there  is  only  one  slot,  the 
trucking  segment  becomes  a  bit  simpler,  the 


setout  truck  segment  becomes  more  complex, 
and  their  interaction  changes  profoundly. 
For  example,  when  there  are  two  or  more 
slots  at  the  chipper,  SOT's  never  hook  up 
to  a  full  van  in  a  slot  unless  requested 
to  do  so  by  the  chipper.   The  SOT's  leave 
the  full  van  there  as  long  as  possible  in 
order  to  give  an  incoming  truck  a  chance  to 
haul  it  away.   Similarly,  they  leave  the 
slot  open  as  long  as  possible  for  a  truck 
and  only  bring  empty  vans  when  requested 
by  the  chipper.   In  addition,  they  always 
drop  empty  vans  in  the  slot  and  get  out 
of  the  way.      These  choices  are  relevent, 
because  the  chipper  can  keep  producing  while 
the  SOT  brings  empties  to  or  removes  full 
vans  from  the  other  slots. 

However,  when  there  is  only  one  slot, 
SOT's  must  not  wait  until  the  van  is  full 
before  reacting.   A  SOT  must  be  ready  to 
remove  this  full  van  as  quickly  as  possible 
and  get  another  empty  in  its  place  because 
the  chipper  will  be  idle  until  it  does  (a 
costly  alternative).   Therefore,  when  only 
one  slot  exists,  SOT's  stay  attached   to  the 
empty  van  after  moving  it  into  the  slot. 
Then,  when  the  van  is  filled,  the  SOT  can 
immediately  move  it  to  the  storage  area  and 
get  another  empty. 

By  staying  attached,  a  single  SOT  can 
get  the  chipper  producing  in  much  less  time 
than  if  it  first  had  to  move  in  and  hook  up. 
If  a  second  SOT  is  available,  efficiency 
can  be  improved  further  by  having  the  extra 
SOT  standing  by  with  another  empty  ready  to 
move  in,  as  soon  as  the  first  SOT  removes 
the  full  one. 

However,  what  if  a  truck  shows  up  at 
the  landing  while  the  SOT  is  attached  to 
the  single  partially  full  van  and  there  are 
no  other  full  vans  ready?  This  problem  never 
occurred  before  under  the  SOT's  rules  for 
two  or  more  slots. 

In  this  new  case,  the  incoming  truck 
orders  the  attached  SOT  to  disconnect  from 
the  van  in  the  slot,  while  dropping  its  own 
empty  van  in  the  storage  area.   The  truck 
then  hooks  up  to  the  partially  full  van  in 
the  slot. 

An  additional  feature  of  this  modifica- 
tion for  one  slot  occurs  when  the  slot  is 
open  but  a  full  van  is  also  ready  at  the 
storage  area.   In  this  case  the  truck  has 
the  option  of  placing  the  empty  van  in  the 
slot  and  waiting  until  it  is  full,  or  of 
dropping  the  empty  van  in  the  slot  and 


picking  up  the  already  full  van.   The 
truck  can  compare  the  two  series  of  esti- 
mated times  in  making  this  decision. 


Other  Trucks 

This  segment  is  included  in  the  simu- 
lation to  recreate  the  competition  that 
captive  chip  trucks  encounter  at  the  mill 
yard.  Regardless  of  how  efficient  the 
woods  chipping  operation  is,  its  trucks  are 
not  the  only  ones  using  the  mill  yard.   The 
user  specifies  not  only  how  often  other 
trucks  arrive  at  the  mill  yard,  but  what 
proportion  are  chip  trucks  or  roundwood 
trucks.   As  in  the  real  world,  other  trucks 
and  the  captive  chip  trucks  are  served  on 
a  "first  come"  basis.   But  while  all  trucks 
compete  for  the  service  of  the  scale,  only 
"other  chip  trucks"  compete  with  the  captive 
chip  trucks  for  the  use  of  the  chip  van 
dumper. 

Other  trucks'  "inter-arrival  times," 
that  is,  the  time  that  elapses  between  the 
arrival  of  one  "other  truck"  and  the  next, 
and  the  other  time  data  must  be  gathered 
from  the  user's  mill  yard  records  at  the 
scale  or  mill  yard  gate. 

Master  Timer 

In  any  complex  system,  timing  plays  an 
important  role — when  does  the  system  start, 
does  each  part  start  at  the  same  time,  when 
should  each  part  stop  working,  do  scheduled 
interruptions  play  an  important  part  in  the 
system,  what  about  unscheduled  interruptions, 
are  multiple  shifts  in  effect,  and  are  there 
situations  requiring  overtime? 

In  this  system  simulator,  we  have  concen- 
trated on  three  principal  areas:   (1)  system 
start-up,  (2)  working  day  length  or  production 
quota,  and  (3)  exceptional  situations  to 
prolong  the  working  day. 

System  Start-up 

Except  for  the  fact  that  segments  of  this 
system  must  perform  in  sequence  to  get  the 
wood  to  the  mill,  the_starting  times  of  each 
segment  are  optional.   The  feller-bunchers 
start  first,  but  the  user  can  choose  the 
number  of  days  or  hours  at  which  each  subse- 
quent segment  begins  work.   For  example, 
feller-bunchers  may  start  on  Day  1,  skidders 
on  Day  3,  and  the  chipper  on  Day  4.   A  day 
counter  in  the  master  timing  segment  triggers 
the  initial  start-up  of  each  machine  segment. 


forking  Day  Length 


The  Simulator  Report 


Although  the  master  timer  controls 
he  daily  start  cycle,  each  segment  decides 
<y   itself  when  to  stop.   This  stopping  cue 
lay  be  given  by  having  a  specific  machine 
egment  refer  to  the  clock  to  see  if  the 
esired  time  has  been  reached  or  if  a 
esired  production  quota  has  been  achieved. 
eve,    too,  the  user  can  choose  the  hours 
r  quotas  for  each  segment  independently, 
f  desired,  interruptions  for  coffee, 
unch,  or  preventive  maintenance  can  be 
cheduled. 

xceptional  Situations 

.In  some  situations  overtime  may  be 
equired.   Because  of  the  unusually  long 
auling  times  or  other  sources  of  unplanned 
elays,  such  as  long  waiting  lines  at  the 
cale,  the  system  may  have  to  work  longer 
o  insure  that  trucks  do  not  spend  the 
ight  on  the  landing.   For  example,  assume 
Hat  trucks  will  not  return  to  the  landing 
or  another  load  when  they  leave  the  scale 
mpty  after  A  p.m.   Before  4  p.m.,  they 
sually  have  enough  time  to  return  to  the 
hipper  for  one  last  load  for  the  night. 
ut  because  a  particular  return  trip  to 
he  woods  takes  longer  than  expected,  it 
rrives  at  the  landing  after  the  system 
ould  ordinarily  quit.   In  this  situation, 
he  system  knows  the  truck  is  on  the  way, 
nd  it  will  work  overtime  until  a  full  van 
s  ready.   Many  other  options  are  possible, 
ncluding  daily  work  quotas. 


Delays  Due  to  Machine  Breakdown 

This  model  description  has  concen- 
rated  on  delays  caused  by  machine  inter- 
ctions  but  ignored  delays  caused  by 
achine  breakdowns.   That  is,  all  machinery 
s  assumed  to  work  perfectly.   However,  if 

user  has  machine  breakdown  data,  it  can 
asily  be  included.   At  a  minimum,  a  user. 
eeds  to  know  how  often  specific  machines 
"all  and  how  long  the  repairs  take.   Given 
hTs  data,  at  the  start  of  each  skidder 
rip,  for  example,  the  skidder  would 
ample  a  "breakdown  occurrence  distri- 
ution.    If  no  breakdown  is  due  to  occur 
his  cycle,  the  skidder  would  be  allowed 
o  complete  it.   If  a  breakdown  is  due,  thi 
kidder  transaction  would  then  sample  a 
breakdown  duration  distribution"  which 
ould  determine  how  long  the  machine  would 
ie  out  of  operation. 


Finally,  this  simulator  gives  a  daily 
report  of  system  production,  cost,  and 
interaction  for  each  component.   An  example 
of  the  report  (see  Appendix)  shows  how  much 
a  system  consisting  of  three  f  eller-bunc-hers , 
three  skidders,  one  chipper  and  loader,  three 
trucks,  six  vans,  and  one  setout  truck, 
produced  while  operating  in  a  stand  having 
2,915  cubic  feet  per  acre  and  200  trees  per 
acre,  etc.   Keeping  in  mind  the  statistical 
problems  to  be  discussed  shortly,  the 
user  shou3.d  interpret  this  information  in 
much  the  same  way  that  he  would  examine  the 
records  of  a  real  system.   The  main  difference 
is  that  the  model's  summary  is  probably  a 
hundred  times  more  detailed  than  any  real 
system. 

Simulator  Data  Requirements 

Stand  data — Diameters,  heights, 
volumes,  and  locations  for  each  tree  are 
necessary.   There  are  a  number  of  ways  to 
acquire  this  data  varying  from  field 
measurement  to  the  use  of  computer  gener- 
ated data. 

Machine  speed — is  the  time  required 
to  travel  or  process.   These  times  may 
be  as  simple  as  a  constant  or  as  involved 
as  a  function  of  many  variables — terrain, 
distance,  tree  or  load  size.   In  any  event, 
the  simulator  can  take  whatever  data  is 
available  from  constants,  estimates  of  a 
mean  and  a  variance,  equations,  or  fre- 
quency distributions.   In  most  every  case, 
however,  machine  speeds  can  be  expected 
to  vary — even  under  fairly  constant 
conditions — and  the  simulator  can  handle 
this  very  important  facet  of  real  systems. 

Machine  capacity   is  the  maximum  size 
load  a  machine  can  handle.   In  contrast 
to  the  case  of  machine  speeds,  the  simula- 
tor must  be  provided  with  fairly  rigid 
machine  capacities.   Providing  a  maximum 
limit  in  volume  or  stems  does  not  mean 
that  each  load  will  always  achieve  the 
limit.   For  example,  if  the  f eller-buncher 's 
accumulator  could  take  15  cubic  feet  more 
but  the  next  tree  has  50  cubic  feet,  the 
f eller-buncher  does  not  add  this  tree  to 
the  bouquet  but  drops  what  it  has  and 
starts  to  create  another. 


Decision  making — The  simulator  must 
decide,  as  a  real  system  does,  what  happens 
next  in  ambiguous  situations.   These  decisions 


take  place  within  a  machine  or  process's 
own  task  or  at  the  point  where  different 
machines  interact.   For  example,  one  or 
more  features  of  the  system  (a  feller- 
buncher's  current  bunch  size)  is  compared 
to  some  standard  (the  desired  bunch  size 
to  meet  the  skidder  capability)  in  order  to 
decide  what  to  do  next  (get  another  tree  for 
this  bunch  or  start  another  bunch) . 


Data  Needed  for  the  Stand  and  Each  Segment 

Any  unit  of  measurement  can  be  chosen 
by  the  user.   The  current  program  uses  time 
in  centiminutes,  distance  in  feet,  area  in 
acres,  volume  in  cubic  feet,  and  machine 
costs  in  dollars  per  machine  hour. 


Stand  data. 

a.  Tree  location  in  X  and  Y  coordi- 
nates. 

b.  Tree  volume. 

c.  Basic  plot  size. 

d.  Total  harvest  area  desired. 

e.  Area  to  be  harvested  by  each 
f eller-buncher . 

Feller-buncher . 

a.  Number  of  f eller-buncher s. 

b.  Travel-empty  speeds. 

c.  Travel-full  speeds. 

d.  Shear  speed  including  approach. 

e.  Drop  speed. 

f.  Accumulator  volume  limit. 

g.  Accumulator  stem  limit, 
h.   Bunch  volume  limit. 

i.   Bunch  stem  limit, 
j.   Maximum  travel  distance  limit, 
k.   Machine  and  labor  costs  per  hour. 
Skidding  segment  data. 

a.  Interaction  with  f eller-bunchers. 

(1)  Number  of  skidders. 

(2)  Travel-empty  speed. 

(3)  Travel-full  speed. 

(4)  Position  and  grapple  speed. 

(5)  Drop  speed. 

(6)  For  a  partial  bunch. 

(a)  "Take  it"  volume  limit. 

(b)  "Wait  for  it"  or  "attempt 
to  switch  to  another 
feller-buncher"  volume  limit, 

b.  Interaction  with  chipper. 

(1)  Minimum  volume  needed  at  the 
chipper  to  keep  it  from 
running  out  before  another 
skidder  arrives. 

(2)  Maximum  number  of  skidders 
waiting  at  chipper  before  the 
next  skidder  is  sent  to  the 
stockpile. 


(3)  Maximum  distance  that  other 
skidders  can  be  seen  from  the 
landing . 

(4)  Machine  and  labor  costs  per 
hour. 

Chipping  segment. 

a.  Loader  speed  including  grapple, 
lift,  swing,  and  feed  assist. 

b.  Chip  spout  moving  speed. 

c.  Number  of  slots  for  vans. 

d.  Maximum  number  of  stems  in  desired 
load. 

e.  Maximum  volume  of  stems  in 
desired  load. 

f«  Machine  and  labor  costs  per  hour. 
Trucking  segment. 

a.  Number  of  trucks. 

b.  Number  of  vans. 

c.  Highway  trucking  speed — empty. 

d.  Highway  trucking  speed — loaded. 

e.  Van  connect  and  disconnect  time. 

f.  Van  closing  time. 

g.  Van  capacity. 

h.   Number  of  setout  trucks. 

i.   Highway  and  setout  truck  speeds  on 

the  landing, 
j.   Morning  truck  scheduling, 
k.   Machine  and  labor  costs  per  hour. 
Master  timing  and  production  summary 
segment. 

a.  Number  of  days  to  simulate. 

b.  Time  lag  for  skidder  start-up. 

c.  Time  lag  for  chipping  and  trucking 
start-up. 

d.  Length  of  normal  work  day  or  daily 
trip  quota. 

Other  trucking  segment. 

a.  Inter-arrival  schedule  for  other 
trucks  at  the  mill  scale. 

b.  Proportion  of  other  trucks  carrying 
chips. 

Mill  yard. 

a 

b 


Number  of  scales. 

Number  of  chip-van  dumpers. 

c.  Number  of  roundwood  unloaders  if 
required  for  realism. 

d.  Truck  weighing  speed. 

e.  Chip-van  dumping  speed. 

f .  Roundwood  truck  unloading  speed . 

g.  Truck  speeds  on  the  mill  yard. 

Data  Collection  Problems 

The  stand  and  time  study  data  gathered 
by  the  user  can  be  as  simple  or  complex  as 
desired,  or  as  time  and  budget  permit.   But 
the  adequacy  of  data  is  a  complex  problem 
and  only  general  considerations  will  be 
touched  upon  here. 
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The  results  generated  by  the  simulator 
can  be  no  better  than  the  data  going  in; 
accurate  data  is  obviously  important.   On 
the  other  hand,  limited  time  and  money  force 
the  user  to  be  selective.   But  what  criteria 
should  he  use? 

Two  factors  are  important.   First,  the 
random  variation  that  characterizes  all 
processes  can  result  in  statistical  sampling 
problems.   Secondly,  some  aspects  of  the 
system  have  more  impact  than  others  on 
efficiency.   These  two  factors  interact. 
For  example,  a  large  error  in  estimating 
the  time  to  move  the  chip  spout  from  one 
van  to  another  will  probably  not  have  much 
effect  on  system  productivity,  whereas  a 
very  small  error  in  estimating  skidding  time 
per  100  feet  may  have  a  profound  effect.   The 
user  must  therefore  strike  a  difficult 
balance  among  accuracy,  precision,  relevance, 
and  budget. 


USING  THE  SIMULATOR 

The  general  process  of  developing  and 
using  this  simulator  to  improve  a  real  logging 
system  consists  of  several  steps.   We  have 
already  outlined  the  need  to  choose  a  relevant 
degree  of  detail  in  the  model  that  not  only 
corresponds  to  the  real  world  but  also  to  the 
user's  needs.   The  choice  of  detail  is  largely 
intuitive  but  is  a  key  step  in  establishing 
a  user's  confidence  in  the  model's  inherent 
reasonableness . 

In  the  next  step,  the  user  must  test 
the  simulator  on  an  actual  logging  operation. 
This  test  is  required  to  detect  errors  in 
either  concept  or  model.   That  is,  the  user's 
concept  may  have  been  inaccurate;  if  so  the 
model  would  be  incorrect  as  well.   Or  the 
concept  may  have  been  correct  but  was  not 
translated  into  a  correct  model. 


operation  may  comprise  20  to  30  such  functions 
operating  simultaneously.   To  find  the  effect 
of  changing  a  single  function  among  all  these 
interacting  functions  would  be  impossible 
without  simulation. 

For  example,  suppose  a  logger  wants 
to  see  what  effect  adding  another  skidder 
has  on  production.   Without  simulation  and 
using  "trial  and  error",  he  uses  the  extra 
skidder  for  one  or  more  days.   He  then 
compares  production  before  and  after  using 
the  extra  skidder  and  asks  whether  the 
change  was  worth  it.   But  no  matter  what 
numbers  he  compares,  he  has  the  nagging 
feeling  that  some  unknown  difference  in 
weather,  stand  factors,  attitudes,  or  a 
hundred  other  reasons,  may  have  been  the 
real  cause  for  the  observed  difference. 
By  trying  his  idea  first  on  the  simulator, 
however,  the  logger  can  even  harvest  the 
identical  stand  of  trees  twice;  once  with 
the  usual  number  of  skidders  and  the  second 
time  with  the  additional  skidder.   Because 
nothing  else  was  changed,  the  difference  in 
results  can  be  attributed  to  the  extra 
skidder. 

But  there  are  still  complicating  issues. 
Because  random  variation  within  limits  is 
permitted,  in  the  model  as  in  the  real 
world  there  is  always  the  possibility  of 
getting  a  bizarre  series  of  random  events. 
Thus,  the  user  must  also  ask  if  each  series 
was  truly  representative  of  the  real  system. 
To  answer  this  question,  the  user  can  employ 
a  variety  of  rigorous  statistical  techniques. 
These  methods  allow  one  to  compare  the 
variation  within  a  given  system,  or  between 
two  or  more  different  systems,  in  order  to 
detect  any  real  differences. 


WHAT  PROBLEMS  CAN  THIS  SIMULATOR  EXAMINE? 


Finally,  the  user  can  proceed  to 
cautiously  test  different  changes,  first 
with  the  model  and  then  with  the  actual 
equipment.   At  best,  simulation  is  an 
evolutionary  process.   That  is,  while  it 
may  be  possible  to  arrive  at  the  best  system 
by  making  several  major  changes  at  once, 
it  should  be  clear  that  simultaneous  changes 
can  be  confusing. 

We  have  already  mentioned  that  a 
realistic  simulator  allows  random  variations 
to  occur  during  some,  if  not  all,  machine 
functions.   Each  separate  machine  function 
is  in  itself  variable,  and  the  whole  chipping 


Computer  simulation  allows  one  to 
realistically  manipulate  a  system  in  ways 
previously  impractical,  if  not  impossible. 
The  following  selection  gives  some  idea  of 
the  tremendous  range  of  factors  that  can 
be  varied  in  simulation  to  learn  their 
effects  on  the  production  and  cost. 

1.  Stand  characteristics. 

2.  Machine  numbers  and  sizes. 

3.  Felling  patterns. 

4.  Skidding  patterns. 

5.  Acreage  harvested  per  landing  setup. 

6.  Truck  scheduling. 

7.  Work  day  length. 
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8.  The  work  rules  affecting: 

a.  Skidder — feller-buncher  interaction. 

b.  Skidder — chipper  interaction. 

c.  Chipper — loader  interaction. 

d.  Chipper — truck,  van,  and  setout 
truck  interaction. 

9.  The  interaction  of  all  of  the  above. 

SUMMARY 

Full  tree  field  chipping  is  receiving 
a  great  deal  of  interest  because  of  its 
many  benefits,  but  its  complexity,  high 
cost,  and  mill  use  problems  have  discouraged 
acceptance.   Using  computer  simulation, 
however,  one  can  realistically  analyze  such 
complex  harvest  systems  in  a  fraction  of 
the  time  and  cost  of  experimenting  with 
real  equipment.   And  as  a  result  it  is  often 
possible  to  increase  profits,  reduce  logging 
waste,  allocate  each  tree  to  its  best  use, 
improve  equipment  design,  and  conserve  fuel. 

APPENDIX 

Report  Generated  for  One  Day 
of  a  Possible  Simulated  Operation 


STAND  CHARACTERISTICS 

30.00  Acres,  total  area  to  be 
harvested 

Cu.  ft.,  average  total  volume 
per  acre 

Inches,  average  d.b.h. 
Feet,  average  tree  height 
Feet,  average  tree  spacing 
Average  number  of  trees  per 
acre 
SYSTEM  CHARACTERISTICS 
A.   Feller-Bunchers. 
3.   Machines 

Machine  Limitations 

The  accumulator-shear  can 
hold  up  to  50.0  cu.  ft.  or 
5  stems,  whichever  comes 
first. 


2915.00 

9.53 

65.00 

14.76 

200.00 


IL 


If  the  next  tree  is  more 
than  50  feet  from  the 
feller-buncher,  it  is  too 
far  away  to  include  in 
this  bouquet. 

If  the  next  tree  is  more 
than  75  feet  from  the 
partial  bunch,  it  is  too 
far  away  to  include  in 
this  bunch. 

Bunch  limitations  dictated  by 

skidder  capacity. 


The  feller-bunchers  try  to 
achieve  at  least  100.0  cu.  ft. 
or  10  stems  in  each  bunch, 
whichever  comes  first. 

B.  Skidders 

3 .  Machines 

Interactions  with  feller- 
bunchers.   When  a  'catch-up' 
occurs,  the  skidder  checks 
the  partial  bunch  on  the 
ground. 

If  the  partial  bunch  has 
75.0  cu.  ft.  or  more,  skid 
it  as  it  is. 

If  the  partial  bunch  has  50.0 
cu.  ft.  to  75.0  cu.  ft.,  wait 
for  it  to  get  bigger. 

If  the  partial  bunch  has  less 
than  50.0  cu.  ft.,  attempt 
to  switch  to  another  feller- 
buncher. 

Interactions  with  chipper. 

Should  the  skidder  take  the 

bunch  direct  to  the  chipper  or 

to  the  stockpile? 

If  at  least  15  trees  are  within 
chipper 's  reach  or  with  other 
waiting  skidders,  take  bunch 
to  stockpile. 

If  2  or  more  skidders  are 
already  waiting  at  the  chipper 
take  the  bunch  to  the  stockpile. 

C.  Chipper — Loader 

The  loader  can  take  up  to  35  cu.  ft. 
or  5  stems,  whichever  comes  first. 

Interactions  with  the  setout  truck. 
Setout  truck  is  used  only  when  no 
highway  trucks  are  around,  and  only 
when  the  chipper  requests  that  a 
full  or  empty  van  be  moved. 

Setout  truck  brings  an  empty  van 
if  more  than  2  slots  are  open. 

Setout  truck  removes  a  full  van 
if  less  than  2  slots  are  open. 

D.  Trucks,  vans,  and  setout  trucks 
3  trucks 

6  vans 

1  setout  truck 

3  slots  for  vans  at  the  chip  chute 

E.  Daily  production  quotas 
Fell  and  bunch  25,000.0 

cu.  ft.  daily 
Skid  16,000.0 

cu.  ft.  daily 
Chip  13  vans  daily 

Truck  13  vans  daily 


■< 


12 


Feller-Buncher  Production  and  Cost  Summary 

A.  3     Days  worked  by  f eller-buncher(s) 

B.  3     Number  of  f eller-bunchers. 

C.  $15.00  Feller- buncher  cost  per  hour 
including  labor. 


1611 

48. 
2. 
711 

108. 
5. 
2. 
4055 
77493.21 
20.28 
316,069 
17.90 
7.90 
45.06 
861.04 
.23 
3511.88 

7JT 

1.74 

65.21 
3 
9.72 


Total  accumulator  cycles 

completed — all  machines. 
10  Average  volume  per  cycle, 

cu.  ft. 
52  Average  number  of  trees 

per  cycle. 
Total  bunches  completed — all 

machines. 
99   Average  volume  per  bunch,  cu. 

ft. 
70  Average  number  of  trees  per 

bunch. 
26  Average  number  of  cycles 
per  bunch. 
Total  trees  felled — all 

machines . 
Total  volume  felled   cu. 

ft. — all  machines. 
Total  acres  felled — all 

machines . 
Total  distance  traveled   ft. — 

all  machines. 

Average  number  of  accumulator 

cycles  per  machine  hour. 
Average  number  of  bunches 

completed  per  machine  hour. 
Average  number  of  trees 

felled  per  machine  hour. 
Average  volume  felled  per 

machine  hour — cu .  ft. 
Average  acreage  felled  per 

machine  hour. 
Average  distance  traveled  per 

machine  hour — ft. 

Feller-buncher  cost  per  tree. 
Feller-buncher  cost  per 

100  cu.  ft. 
Feller-buncher  cost  per  acre. 
Feller-bunchers  still  working. 
Acres  remaining  to  be  felled. 


Skidding  Production  and  Cost  Summary 

A.  2     Days  worked  by  skidder(s). 

B.  3     Number  of  skidder(s). 

C.  $15.00   Skidder  cost  per  hour, 
including  labor. 

327.00   Bunches  skidded — all  machines. 
Trees  skidded — all  machines. 
Volume  skidded,  cu.  ft. — all 

machines. 
Acres  skidded — all  machines. 
Distance  skidded,  ft. — all 

machines. 


E.  1721 

F.  32866.77 

G.  8.61 
H.  372126 


I.      5.45  Bunches  skidded  per  machine 

hour. 
J.     28.68  Trees  skidded  per  machine 

hour. 
K.    547.78  Volume  skidded  per  machine 

hour — cu.  ft. 
L.       .14  Acres  skidded  per  machine 

hour. 
M.    6202.10  Distance  skidded  per  machine 

hour. 

N.    569.00  Average  one-way  skid  distance 

per  trip — feet. 
0.     11.01  Average  round  trip  time  in 
minutes — all  activities. 
P.         8.54   Productive  time — landing  to 

woods  and  return. 
Q.         1.73   Productive  time — landing 

activity. 
R.  .50  Nonproductive  time — waiting 

in  the  woods  for  a 
bunch. 
S.  .25   Nonproductive  time — waiting 

to  drop  the  bunch  at  the 
chipper . 

Interactions  with  the  chipper;  number  of 
trips  that: 

T.      15     Skidders  caught  up  to  a 
feller-buncher . 

Of  these  "catch-up"  trips,  the  number  of 
trips  that  the  skidders: 


Immediately  took  the 

bunch  as  it  was. 
Waited  for  the  bunch  to 

get  bigger. 
Attempted  to  switch  to 

another  feller-buncher 


Interactions  with  the  chipper;  number  of 
trips  that  were: 

X.      292     Skidded  direct  to  the  chipper. 
Y.      35     Skidded  direct  to  the 

stockpile. 
Z.      17     Number  of  stockpile-chipper 

shuttle  trips. 

AA.      $.53   Skidding  cost  per  tree. 

BB.     $2.75  Skidding  cost  per  100  cu.  ft. 

CC.    $104.53   Skidding  cost  per  acre. 

DD.     21.39  Acres  remaining  to  be  skidded, 

Chipper-Loader  Production  and  Cost  Summary 

A.  1     Days  worked  by  chipper- 

loader. 

B.  $50.00  Chipper-loader  cost  per 
hour,  including  labor.  


u. 

10 

V. 

3 

w. 

2 

13 


C.  252     Loads  chipped. 

D.  2.53  Average  number  of  stems 

per  load. 

E.  48.27  Average  volume  per  load, 

cu.ft. 
Trees  chipped. 
Volume  chipped,  cu.  ft. 
Vans  filled. 

3  Average  number  of  loads 
per  van. 
935.72  Average  volume  per  van, 
cu.  ft.  solid  wood. 


F. 

637 

G. 

12164.37 

H. 

13 

I. 

19 

25.2  0  Loads  chipped  per  machine 

hour. 
63.70  Trees  chipped  per  machine 
hour . 
1216.44  Volume  chipped  per  machine 
hour,  cu.  ft. 
1.30  Vans  filled  per  machine  hour, 


46.15 


29. 

13 

17 

02 

6 

10 

$ 

78 

$4 

11 

Average  chipping  time  per 
van  filled — all  activities- 
minutes  . 
Productive  time  per  van — 

minutes. 
Nonproductive  time  per  van — 

minutes. 
60   Loader  waiting  for  wood 

from  skidders — minutes. 
42   Chipper  waiting  for  vans 
to  fill — minutes. 


$38.46 


Chipper-loader  cost  per  tree, 
Chipper-loader  cost  per  100 

cu.ft. 
Chipper-loader  cost  per  van 

filled. 


Truck,  Van,  and  Setout  Truck  Production  and 
Cost  Summary 

A.  3     Number  of  trucks. 

B.  $25.00  Truck  cost  per  hour, 

including  labor,  each. 

C.  6     Number  of  vans. 

D.  $15.00  Van  cost  per  day,  each. 

E.  1     Number  of  setout  trucks. 

F.  $15.00   Setout  truck  cost  per  day, 
each. 

G.  13     Vans  hauled  to  mill — total. 
H.      13     Average  number  of  vans  hauled 

per  day. 
I.   12164.37   Volume  hauled  to  mill — total— 

cu.  ft. 

J.     138.46  Average  round  trip  trucking 

time — all  activities — 

minutes . 
K.        97.20   Productive  time — minutes. 
L.        41.26   Nonproductive  time — 
minutes.   Waiting: 
M.  12.19   For  a  slot  to  become 

available . 


N. 
0. 

P. 

Q. 


4.47   In  a  slot  for  the  van 
to  be  filled. 

0.00  At  the  storage  area 

for  the  setout  truck 
to  bring  a  full  van. 

12.57  To  be  weighed  at 

the  mill. 
12.03   To  be  dumped  at 

the  mill. 


5.00  Average  number  of  empty  vans 
setout  truck  moved  to 
chipper  per  day. 
3.00  Average  number  of  full  vans 
setout  truck  moved  to 

storage  area  each  day. 

Trucking  cost  per  trip. 
Van  cost  per  trip. 
Setout  truck  cost  per  trip. 
Truck  cost  per  100  cu.  ft. 
Van  cost  per  100  cu.  ft. 
Setout  truck  cost  per 
100  cu.  ft. 

Overall  Production  and  Cost  Summary 


T. 

$57.69 

U. 

$6.92 

V. 

$1.15 

w. 

$6.17 

X. 

$0.74 

Y. 

$.12 

Number  of  machines, 


A. 

3 

Feller-bunchers 

B. 

3 

Skidders. 

C. 

3 

Trucks . 

D. 

6 

Vans . 

E. 

1 

Setout  trucks. 

Days  worked  by  each  segment: 


F.  3 

G.  2 
H.      1 


Feller-bunchers . 

Skidders . 

Chipper  and  trucks, 


Volume  produced  by  each  segment  to  date, 
cu.  ft. 


I.  77493.21 

J.  32866.77 

K.  12164.37 

L.  12164.37 


Felled  and  bunched, 

Skidded. 

Chipped. 

Hauled  to  mill. 


Projected  costs  per  100  cu.  ft.  delivered 
to  the  mill  and  attributed  to  each  segment, 


Feller-bunchers . 

Skidders . 

Chipper-loader . 

Trucks. 

Vans. 

Setout  trucks. 

Total  cost  per  100  cu.  ft. 

Chip  price  per  100  cu.  ft. 

delivered  to  mill. 
Projected  net  revenue  per  100 

cu.  ft.  delivered  to  mill. 


M. 

$1.74 

N. 

$2.75 

0. 

$4.11 

P. 

$6.17 

Q. 

$0.74 

R. 

$.12 

S. 

$15.63 

T. 

$28.25 

$12.62 
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WHAT  DO  YOU  THINK? 

Realizing  that  the  needs  and  interests  of  our  two  major  "clients" — the  scientist 
and  the  practitioner — are  different,  we  have  been  concerned  whether  our  publications 
lave  been  in  a  form  and  style  equally  useful  to  both.   So  we  have  decided  to  try  a 
lew  format  for  some  of  our  Research  Papers,  one  that  might  serve  this  dual  purpose 
setter. 

The  Paper  is  divided  into  two  separate  parts:   Application  and  Documentation, 
rhe  Application  section  is  specifically  intended  for  the  man  on  the  ground  or  in 
the  mill  who  has  a  particular  job  to  do  or  problem  to  solve.   This  section  describes 
sriefly  the  situation  and  the  problem,  and  then  goes  immediately  to  the  solution, 
emphasizing  the  how-to-do-it  aspect.   It  is  a  complete  story  in  itself;  the  busy 
nanager  need  read  no  further. 

The  Documentation  section  describes  the  details  of  the  research  process.   It  is 
for  the  reader  interested  in  laboratory  and  field  procedures,  tabulations,  statistical 
analysis,  and  philosophical  discussion.   This  section,  too,  is  self-contained. 

Our  purpose  is  to  separate  the  practical  aspects  of  our  research  results  from 
the  strictly  academic  ones  yet  still  make  both  available  to  all  readers.   If  the 
practitioner  wants  to  find  out  how  we  arrived  at  our  recommendations,  the  details 
are  in  the  Documentation  section  for  him  to  examine.   If  the  scientist  has  a  practical 
sent,  he  can  turn  to  the  Application  section  and  see  the  results  in  action. 

It  is  for  you  to  decide  whether  we  have  created  a  well-matched  team  or  a  two- 
neaded  monster.   We  would  like  to  have  your  opinion. 
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ESTIMATING  RED  PINE  SITE  INDEX  IN 
NORTHERN  MINNESOTA 

David  H.  Alban 


Red  pine  (Pinus  resinosa   Ait.)  is  a 
commonly  planted  tree  species  in  the 
northern  Lake  States.   For  best  success, 
planting  sites  should  be  selected  on  the 
basis  of  their  suitability  for  the  species. 


Several  methods  of  estimating  red 
pine  site  index  (height  of  dominant  and 
codominant  trees  at  age  50)  are  available 


(Alban  1972,  Carmean  and  Vasilevsky  1971, 
Gevorkiantz  1957a) .   This  paper  incorporates 
this  earlier  work  and  presents  new  infor- 
mation that  allows  site  index  estimates  to 
be  made  from  soil  properties  and  from  the 
growth  rate  of  quaking  aspen  (Populu8 
tremuloide8   Michx.).   Methods  of  field 
sampling  and  laboratory  analysis  for  this 
new  information  are  detailed  in  the 
Documentation  section. 


APPL  I  CAT  I  0 


Most  methods  recommended  here  are 
applicable  throughout  the  commercial 
range  of  red  pine  in  northern  Minnesota. 
However,  most  red  pine  stands  occur  on 
well  drained  sandy  soils.   Our  sampling 
has  been  most  intensive  on  these  sites, 


and  it  is  on  similar  sites  where  the 
proposed  methods  of  estimating  red  pine 
site  index  are  most  reliable.   The  best 
method  to  use  depends  on  the  age  of  the 
red  pine  on  the  site  in  question  and 
whether  any  red  pine  is  indeed  present. 


KEY  TO  METHODS  FOR  ESTIMATING  RED  PINE  SITE  INDEX  IN  MINNESOTA 


Recommended 
method 


I.   Soils  moderately  well  to  excessively 
drained* 
A.   Sandy  to  loam  soils 

a.  Red  pine  present 

1 .  Age  25  yrst 

2.  Age  15  to  25  yrs 

3.  Age  0  to  15  yrs 

b.  No  trees  present 

c.  Other  species  present 


B.   Finer  textured  soils 

a.  Red  pine  present 

1 .  Age  25  yrs+ 

2.  Younger  trees 

b.  No  trees  present 

c.  Other  species  present 
II.   Poorly  drained  soils 


Site  index  curves 
Growth  intercept 
Soil  properties 
Soil  properties 
Inter-species 
relations 
or 
Soil  properties 


Table  or 
figure 


Figure  1 

Tables  1  and  2 
Tables  1  and  2 

Figure  2 

Tables  1  and  2 


Site  index  curves         Figure  1 

No  method  available       — 

No  method  available 

No  method  available 

Red  pine  not  cecommended  — 


Soil  drainage  olaee  are  defined  in  Soil 
Survey  Staff  (1951). 


ESTIMATING  RED  PINE  SITE  INDEX 
FROM  SITE  INDEX  CURVES 

The  best  indicator  of  site  quality  for 
a  tree  species  is  its  extended  growth  per- 
formance on  the  site  in  question.   Indirect 
measures  of  site  quality  such  as  climate, 
soil  properties,  associated  tree  species, 
or  understory  plants  must  be  related  to 
tree  growth  and  cannot  be  expected  to  be  as 
precise  as  measuring  the  trees  themselves. 
Site  index  trees  should  be  dominants,  free 
of  disease,  insect,  or  fire  damage,  and 
should  be  part  of  an  even-aged,  well  stocked 
stand  that  has  not  suffered  severe  environ- 
mental disturbances  such  as  fire,  erosion, 
or  overgrazing. 

Measure  tree  height  to  the  nearest 
foot,  and  estimate  total  age  by  adding  8 
years  to  the  ring  count  at  breast  height 
(Alban  1972).   Ten  to  20  trees  should  be 
measured  throughout  the  stand,  the  number 
depending  on  the  precision  desired  and  the 
stand  variation.   Then  refer  to  site  index 
curves  (Gevorkiantz  1957a)  (fig.  1). 
Alternatively,  height  and  age  can  be  used 


to  predict  site  index  by  using  an  equation 
that  has  been  fitted  to  the  site  index 
curves  (Lundgren  and  Dolid  1970) : 

Height 

Site  index  -  O  (-0  01644)  (ae.e) 

[1.956  -  2.1757  G   u«Ui0<t<*Mage; 

where:  V*  m   base  of  the  natural  logarithms 
(2.178). 

ESTIMATING  RED  PINE  SITE  INDEX 
BY  THE  GROWTH  INTERCEPT  METHOD 

For  stands  younger  than  25  years,  site 
index  can  be  estimated  from  internode  lengths 
(growth  intercept  method)  as  proposed  by  Day 
et  al.    (1960)  and  modified  by  Alban  (1972). 

To  use  growth  intercept,  measure  the 
total  length  of  5  internodes  on  10  to  20 
dominant  trees,  beginning  at  the  first  limb 
above  8  feet.   Estimate  site  index  by  the 
following  equation: 

Site  index  =  32.5  +  3.43  growth  intercept 

or  table: 
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Figure  1. — Red  pine  aite  index  curves  and  height  growth 
curves.  Six  stands  averaged  SI  40,  12  stands  SI  50, 
14  stands  SI  55,    30  stands  SI  59,   and  10  stands  SI  66. 


Length  of  five  internodes  above     Site  index 
8  feet    (growth  intercept)  (feet) 

(feet) 

4  46 

5  50 

6  53 

7  57 

8  60 

9  63 

10  67 

11  70 

12  74 

ESTIMATING  RED  PINE  SITE  INDEX 
FROM  SOIL  PROPERTIES 

Where  no  suitable  red  pine  trees  are 
present,  soil  properties  can  be  used  to 
estimate  site  quality.   To  estimate  site 
index  from  soil  properties  the  till  material 
from  which  the  soil  developed  must  be 
identified  as  either  Keewatin  till  (north- 
western source)  or  Rainy  till  (northeastern 
source)  (Arneman  and  Wright  1959).   In 
nearly  all  red  pine  stands  sampled  in 
St.  Louis  or  Lake  counties  the  soils  were 
derived  from  Rainy  till  whereas  soils  to  the 
west  were  derived  from  Keewatin  till. 


Rainy  Till  Area 

Rainy  till  soils  commonly  contain 
much  coarse  material  (greater  than  2  mm 
diameter);  bedrock  is  generally  shallow. 
The  percent  (by  ovendry  weight)  of  coarse 
material  in  the  top  40  inches  of  soil  and 
the  total  thickness  of  the  A  and  B  horizons  are 
closely  related  to  site  index  by  the  following 
equation: 


where:  X^  *  percent  of  coarse  material  by 
weight  in  the  0  to  40  inch  layer,  and  X2  ■ 
thickness  of  A  and  B  horizons  (inches) . 


the 
has 


This  equation  accounts  for  86  percent  of 
site  index  variation  (R2  -  0.86),  and 
a  standard  error  of  estimate  of  3.0  feet. 

As  an  alternative,  use  table  1. 


Site  index  *  42.78  -  0.0864(X1)  +  6.504  Ln  (X2) 

Table  1. — Bed  pine  site  index  in  Rainy   till 
area  based  on  soil  coarse  fraction  and 
thickness  of  A  and  B  horizons^- 


Where  bedrock  is  less  than  40  inches 
from  the  surface,  its  weight  (which  must  be 
added  to  the  weight  of  coarse  materials) 
can  be  calculated  from  its  density,  which 
is  estimated  at  2.65  g/cm3  (165  lb/ft3) 
(Wilde  1958).   If  the  coarse  material 
fraction  is  known  by  volume,  it  can  be 
converted  to  weight  (fig.  2). 

Keewatin  Till  Area 

Keewatin  till  soils  tend  to  have 
thicker  solums  and  to  be  sandier  than 
Rainy  till  soils,  but  have  far  less 
coarse  material.   Coarse  soil  material  and 
depth  of  the  A+B  horizons  are  related  to 
site  index  in  the  Keewatin  area  as  In  the 
Rainy  area.   In  addition  to  these  two 
properties,  the  presence  or  absence  of 
finer  textured  bands  is  closely  related 
to  site  index.   Forty  out  of  the  52  stands 
sampled  had  sandy  soils  of  glacial  outwash 
or  lacustrine  origin,  and  about  half  of 
these  had  strong  texture  bands  below  the 
solum.   These  bands  commonly  occur  as 
irregular  layers  or  lenses  ranging  in 
texture  from  sandy  loam  to  clay  but  always 
finer  than  the  adjacent  layer. 

On  the  basis  of  texture  bands  or 
underlying  finer  materials,  the  Keewatin 
area  soils  are  divided  into  two  categories. 


Coarse  fraction 
0—40  inch  rionf-h 

Thickness 

of  A 

and  B 

horizons 

(inches 

1 

(percent  by 

weight) 

:   2 

:   5   : 

10 

15 

:   20   : 

25   : 

30 

0 

58 

60 

62 

64 

65 

10 

57 

60 

61 

63 

64 

20 

56 

59 

f  1 

62 

63 

30 

55 

58 

60 

6! 

62 

40 

54 

56 

59 

60 

61 

50 

53 

56 

58 

59 

61 

60 

48 

53 

1.5 

57 

59 

60 

70 

41 

47 

52 

54 

56 

5£ 

80 

40 

46 

51 

53 

90 

40 

46 

50 

•■) 

39 

45 

"'"Based  on:   Site  index  =  42.78  -  0.0864  (coarse  material 
percent)  +  6.504  ln  (thickness  of  A  +  B  horizons). 
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Figure  2. — Relation  between  soil  coarse 
fractions  expressed  on  a  volume  and 
weight  basis. 

Group  I  soils  have  textural  bands  that 
total  more  than  6  inches  in  thickness  (to 
a  depth  of  9  feet),  those  developed  in  sandy 
soils  underlain  by  finer  materials,  or  those 
developed  within  finer  materials.   The 
Group  0  soils  are  sandy  and  lack  either 
strong  textural  banding  or  underlying  finer 
materials. 

Estimate  red  pine  site  index  from  soil 
properties  on  Keewatin  till  areas  by  using 
the  following  equation: 

Site  index-A9. 03-0. 317 (X1)+0.313(X2)+A.98(X3) 

where:   X,  ■  percent  of  coarse  material 
(>  2  mm)  by  weight  in  0  to  10  inch  layer, 


X2  ■  thickness  of  A  and  B  horizons  (inches) , 
and  X^  ■  1  for  Group  I  soils  and  0  for 
Group  0  soils. 

This  equation  accounts  for  57  percent 
of  the  variation  (R2  ■  0.57)  and  has  a 
standard  error  of  estimate  of  4.4  feet. 

As  an  alternative,  use  table  2. 

ESTIMATING  RED  PINE  SITE  INDEX  FROM  THE  GROWTH 
OF  OTHER  SPECIES 

The  growth  of  red  pine  can  be  predicted 
from  the  growth  of  several  other  species 
growing  on  the  site.   In  northern  Minnesota, 
data  from  soil  and  forest  survey  plots  can 
be  used  to  estimate  red  pine  site  index  from 
the  site  index  of  jack  pine  (vinus  banksiana. 
Lamb.) (66  plots),  white  pine  (Pinus  strobus 
L.)(58  plots),  and  white  spruce  {Picea 
glauoa   Moench.)(15  plots) (Carmean  and 
Vasilevsky  1971).   The  site  index  prediction 
equations  follow: 


Site  index  =1.0(Site  indexj  )■ 


2.81 


=0.40 


=0.47 


r2=0.65 


Site  index  =0.95 (Site  indexwp)+3.57 

Site  indexrp=0.70(Site  indea^gJ+lS^O 

From  a  similar  study  on  26  plots  in  Minnesota 
(Documentation  Section)  red  pine  site  index 
can  be  estimated  from  the  site  index  of 
quaking  aspen: 

Site  indexrp=0.44(Site  index  )+27. 88  r2=0.53 

A  graph  of  these  equations  facilitates 
species  comparisons  (fig.  3) .   Site  index 
for  jack  pine,  white  pine,  white  spruce, 
and  aspen  can  be  determined  from  total  height 
and  age  by  using  published  site  index  curves 
(Gevorkiantz  1956a,  1956b,  1957b,  1957c). 


Table  2. — Bed  pine  site  index  in  Keewatin  till  area  based 
on  soil  coarse  fraction  and  thickness  of  A  and  B 
horizons! 


Coarse   frac 

tion 

Group   \l 

Group   0 

0-10   inch 
(percent   by 

depth 
weight) 

:Thic 

kness 

of   A  + 

B  (inrhflKV 

Thickne 

ss   of 

A  +  B 

(inches] 

:    10 

:    20 

30 

40 

10    : 

20 

:      30 

:      40 

0 

57 

60 

63 

66 

52 

55 

58 

62 

5 

56 

59 

62 

6  5 

51 

54 

57 

60 

10 

54 

57 

60 

63 

49 

5  2 

55 

58 

20 

51 

54 

57 

60 

46 

49 

5  2 

55 

30 

48 

51 

54 

57 

43 

46 

49 

52 

40 

44 

48 

51 

54 

40 

43 

46 

49 

Based  on:   site  index  =  49.03  -  0.317  (coarse  material  percent) 
+0.313  (thickness  of  A  +  B  horizons)  +  4.98  (presence  of  finer  textured 
layers)  . 

2  Group  I  plots  are  those  with  fine  textured  soil  layers  or  bands 
as  explained  in  the  text;  group  0  plots  lack  this  feature. 
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Figure  3. — Estimates  red  pine  site  index 
from  the  site  index  of  jack  pine,   white 
pine,   white  spruce ,    or  aspen. 
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RED  PINE  GROWTH 

Red  pine  height  growth  patterns  are 
remarkably  similar  throughout  the  species' 
range.   Spurr  (1955),  for  example,  found  a 
single  set  of  site  index  curves  to  be 
adequate  for  red  pine  stands  (including 
plantations)  from  Minnesota  to  New  England 
and  into  Canada.   His  curves  are  similar 
to  those  used  in  Minnesota  (fig.  1). 
Similarly,  the  height-growth  pattern  to 
age  25  of  red  pine  in  Minnesota  (planta- 
tions and  natural  stands)  was  found  to 
match  that  in  the  northeastern  United 
States  on  similar  sites  (Alban  1972). 

In  Minnesota  the  best  natural  red  pine 
stands  have  a  site  index  of  about  70,  and 
the  best  plantations  (by  extrapolation  for 
about  15  years)  a  site  index  of  75  to  80. 
Others  have  found  an  upper  limit  to  red 
pine  site  index  of  about  70  (Richards 
et  al.    1962,  Spurr  1955,  Wilde  et  at.    1965). 
A  few  reports  (Ek  1971)  claim  red  pine  site 
index  values  as  high  as  112  but  these 
estimates  of  high  site  index  were  made  in 
young  plantations  and  later  measurements 
usually  show  the  apparent  site  index  to 
be  decreasing  with  age. 

Volume  growth  in  young  trees  may  be 
different  in  plantations  than  in  natural 
stands  because  of  more  uniform  stocking 
in  plantations.   But,  as  the  stands  close 
and  fully  occupy  the  site  (at  perhaps  20 
to  30  years) ,  volume  growth  rates  would 
probably  be  similar  on  similar  sites. 

The  height  growth  of  red  pine  stands 
at  least  50  years  old  is  the  most  reliable 
indicator  of  site  index  available.   Stand 
height  and  age  are  measured  directly  and 
site  index  read  from  site  index  curves 
(Gevorkiantz  1957a)  .   The  accuracy  of  these 
curves  is  substantiated  by  our  stem 
analysis  of  231  trees  in  71  Minnesota 
natural  stands  (fig.  1). 

When  red  pine  trees  15  to  25  years 
old  occupy  a  site,  the  site  index  can  be 
estimated  by  the  growth  intercept  method 
(Alban  1972) .   This  method  is  easier  to 
use  than  standard  site  index  curves  and 
eliminates  the  need  to  measure  total  height 
and  age,  each  of  which  can  be  a  source  of 
error.   However,  the  growth  of  red  pine 
stands  younger  than  about  10  years  is  not 
a  reliable  indicator  of  site  index  (Alban 
1972). 


SOIL  PROPERTIES 

Where  red  pine  trees  are  absent  or 
very  young,  soil  properties  are  useful 
indicators  of  site  quality.   Emphasized 
here  are  soil  properties  that  can  be 
measured  in  the  field  and  in  the  labora- 
tory with  simple  techniques  such  as 
weighing  and  sieving. 

FIELD  SAMPLING  OF  NATURAL  RED  PINE  STANDS 

A  0.1-acre  plot  was  established  in  each 
of  71  natural  red  pine  stands  in  northern 
Minnesota.   Seventy-nine  percent  of  the  plots 
sampled  occurred  in  Lake,  St.  Louis,  Itasca, 
Cass,  or  Beltrami  counties,  which  contain 

74  percent  of  the  total  red  pine  acreage  in 
Minnesota  (Stone  1966) .   Most  stands  occurred 
on  gently  rolling,  well  drained  upland  soils 
of  sand  to  sandy  loam  texture  developed 

from  glacial  outwash  or  lacustrine  sands. 
The  major  criteria  of  stand  selection  in- 
cluded:  (1)  uniformity  of  topography  and 
surface  soil  texture,  (2)  even-aged  stands 
more  than  40  years  old,  and  (3)  more  than 

75  ft-/acre  basal  area,  of  which  at  least 

75  percent  was  red  pine.   None  of  the  stands 
has  a  history  of  crop  or  pasture  use,  and 
none  shows  evidence  of  severe  fires,  early 
suppression,  or  insect  or  disease  damage. 
A  summary  of  soil  and  stand  properties  for 
these  stands  is  shown  in  table  3. 

On  each  0.1-acre  plot,  diameter  out- 
side bark  was  measured  at  breast  height  for 
each  tree  larger  than  1  inch  in  diameter  at 
breast  height.   Three  to  seven  randomly 
selected  dominant  trees  were  felled,  total 
height  measured,  and  the  bole  sectioned  as 
follows:   1-foot  sections  from  the  6-inch 
stump  to  6.5  feet;  2-foot  sections  from  6.5 
to  20.5  feet;  and  3-foot  sections  from  20.5 
feet  to  the  top  of  the  tree.   On  each  section 
the  diameter  and  bark  thickness  were  measured 
and  the  annual  rings  counted.   Total  age 
was  estimated  by  adding  2  years  to  the  ring 
count  at  the  6-inch  stump.   From  the  ring 
counts  on  each  section  a  single  average 
height-growth  curve  was  constructed  for 
each  plot.   From  this  curve  total  height 
at  age  50  (site  index)  as  well  as  heights 
at  various  other  ages  and  the  number  of 
years  required  to  reach  breast  height  were 
determined. 


Table  3. — Soil,   stand,   and  climatic  factors  for  the 
study  area} 


Property 


Site  index  (ft) 

Basal  area  (ft^/acre) 

Stand  age  (yr) 

Average  annual  precipitation  (in.) 

Average  summer  temperature  (  F) 

Forest  floor  weight  (lb. /acre/ 1 ,000) 

Surface  soil  (0-10  inches) 

Silt  +  clay  (percent) 

Bulk  density  (g/cm-*) 

pH 

N  (Kjeldahl)  p/m 

P  (0.01N  HC1)  p/m 

Ca  (Exch.)  p/m 

K  (Exch.)  p/m 

CEC  meq/100  g 

Available  FU0  storage  cap  percent 
Coarse  material  (0-40  inches)  percent 


Northeastern  Minnesota 
Rainy  till  plots 


Mean 


56 

172 
67 


32 

32 

1.27 

5.3 

749 

L2 
349 

75 
3.7 

15 

39 


Range 


39-69 
104-224 
48-86 
26-29 
61-64 
13-59 

11-49 

1.08-1 .33 

4.5-5.8 

254-2,100 

0.2-30 

190-850 

39-156 

2.2-6.4 

6-22 

0-97 


North-central    Minnesota 

Keewat in 

till   plots 

Mean        : 

Range 

57 

37- 

•68 

1  7] 

110- 

■235 

M, 

44- 

■94 

— 

22- 

-26 

-- 

64- 

■66 

24 

7- 

■40 

20 

3- 

■85 

1.33 

1.21-1.43 

5.6 

5.2- 

-6.0 

394 

260- 

■639 

28 

10- 

-53 

i  id 

160- 

■750 

52 

31- 

•79 

2.7 

1.8- 

-4.0 

9 

4- 

-23 

7 

0- 

-43 

The  climatic  data  are  from  Bak 
all  other  data  measured  on  samples  co 
Minnesota. 


er  i  '   '.  (1967),  and  Baker  and  Strub  (1965); 
llected  from  71  natural  red  pine  stands  in 


The  forest  floor  horizons  (L,  F,  and  H) 
were  collected  from  five  locations  on  each 
plot  with  a  1-square  foot  sampling  frame. 
Two  soil  pits  6  feet  deep  were  dug  on  each 
plot  (if  not  prevented  by  bedrock  or  a  water 
table)  and  borings  3  to  4  feet  deeper  were 
made;  soils  were  described  and  soil  samples 
collected  from  each  of  the  major  horizons. 
In  addition  two  smaller  pits  were  dug  3  feet 
deep,  and  soil  from  each  of  the  four  pits 
was  combined  to  form  two  composite  soil 
samples  per  plot,  one  from  the  0  to  10-inch 
depth  and  another  from  the  10  to  40-inch 
depth.   All  rock  material  greater  than  1 
inch  in  diameter  was  weighed  in  the  field. 
Bulk  density  was  determined  in  the  deeper 
soil  pits  using  a  core  sampler  for  the 
sandy  soils,  and  excavation  for  the  finer 
textured  soils. 

PLANTATIONS 

Twenty  additional  plots  were  established 
in  red  pine  plantations  averaging  30  years 
of  age  to  compare  the  pattern  and  early 
growth  rates  of  red  pine  from  plantations 
and  natural  stands.   Stem  analysis  was  per- 
formed on  these  trees  as  for  the  older 
trees  in  natural  stands.   The  soils  were 
examined  from  auger  borings  or  nearby  road 
cuts,  but  no  detailed  soil  sampling  or 
analysis  was  done. 

SAMPLING  AND  ANALYSIS  OF  ASPEN  STANDS 

Twenty-six  plots  were  established 
throughout  northern  Minnesota  in  aspen 


stands  in  which  height  growth  and  site 
index  had  previously  been  determined  by 
stem  analysis  (Schlaegel  1974).   All  plots 
were  on  sandy  to  loam  soils.   The  stands 
ranged  in  age  from  19  to  81  years  (mean 
47  years)  and  in  site  index  from  47  to  90 
(mean  72).   Eighteen  of  the  plots  occurred 
on  Keewatin  derived  soils  and  eight  were 
on  Rainy  till. 

Four  pits  were  dug  on  each  plot,  from 
which  coarse  material  content,  depth  of 
A  and  B  horizon,  and  presence  of  fine  tex- 
tured layers  were  determined.   These  values 
were  applied  to  the  appropriate  equations 
(p. 3^H-)    to  estimate  red  pine  site  index. 
The  statistical  relation  between  red  pine 
and  aspen  site  index  values  was  then 
determined  following  Carmean  and  Vasilevsky 
(1971)  who  compared  site  index  of  red  pine 
with  jack  pine,  white  pine,  and  white  spruce. 


LABORATORY  SOIL  ANALYSIS 

Mineral  soil  samples  were  air-dried, 
hard  structural  peds  crushed,  and  the  soil 
sieved  on  a  2  mm  screen.   That  portion 
passing  through  the  2  mm  screen  was  used 
for  subsequent  analysis  and  adjustments 
made  in  results  for  moisture  in  the  air-dry 
soil  and  for  coarse  material  content. 

Soil  reaction  was  measured  in  a  1:1 
soil  and  water  mixture.   Nitrogen  was 
measured  by  the  macro  Kjeldahl  method. 
Soil  phosphorous  was  extracted  with  0.01N 


HC1  and  determined  colormetrically. 
"Exchangeable"  Ca,  Mg,  and  K  were  extracted 
with  IN  NH^OA  and  determined  by  atomic 
absorption.   Exchangeable"  H  and  Al  were 
extracted  with  IN  KC1  and  determined  by 
titration  with  NaOH  and  HC1  (Yuan  1959). 
Cation  exchange  capacity  was  taken  to  be 
the  sum  of  all  determined  cations. 
Particle-size  distribution  was  determined 
by  hydrometer,  and  available  water-storage 
capacity  was  determined  as  the  difference 
between  water  held  at  0.1  atm  and  15  atm 
of  tension  in  pressure  apparatus. 

Forest  floor  samples  were  air-dried 
and  ground  in  a  Wiley  mill  to  pass  a  20 
mesh  screen.   Nitrogen  was  determined  by 
the  macro  Kjeldahl  method.   Subsamples 
were  ashed  at  525  C  for  2  hours  and  taken 
up  in  dilute  HC1.   Total  Ca,  Mg,  K,  and 
P  were  determined  in  the  HC1  extract  by 
the  same  methods  as  used  for  the  mineral 
soils.   Reaction  was  measured  in  a  1:4 
sample  and  water  mixture. 

CONVERSION  OF  PERCENT  BY  VOLUME  COARSE  MATERIAL 
TO  A  WEIGHT  PERCENTAGE 

The  most  accurate  way  to  measure  coarse 
materials  is  by  weight  because  it  is  diffi- 
cult to  estimate  the  volume  of  the  smaller 
gravels.   But  because  coarse  materials  are 
often  estimated  on  a  volume  basis,  a  graph 
was  constructed  to  convert  coarse  material 
percentage  from  a  volume  to  weight  basis 
(fig.  2).   In  constructing  the  graph  it  was 
assumed  that  density  of  the  coarse  materials 
is  2.65  g/cra.,  and  that  the  soil  bulk  density 
is  1.30  g/cm   for  the  surface  soil  and 
1.45  g/cm   for  the  subsoil.   The  soil  bulk 
density  values  are  averages  found  in  the 
present  study  for  soils  supporting  red  pine 
in  northern  Minnesota. 


STATISTICAL  ANALYSIS 

Individual  soil  properties  were  graphed 
and  regressed  against  red  pine  site  index 
to  determine  those  properties  most  closely 
related  to  site  index.   Properties  examined 
included  stand  age  and  basal  area;  depth  to 
or  thickness  of  various  soil  horizons, 
textural  bands,  water  table,  carbonates, 
gravel  layers;  coarse  material  content, 
particle  size  distribution,  and  water- 
holding  capacity;  pH,  cation-exchange 
capacity,  and  nutrients  (N,  P,  K,  Ca,  Mg) 
In  forest  floor  and  mineral  soil.   For  the 
present  report  only  the  field  observable 


and  easily  determined  laboratory  properties 
were  combined  into  multiple  regression 
equations.   The  equations  were  constructed 
beginning  with  the  soil  property  having  the 
best  correlation  with  site  index  and  adding 
other  properties  one  at  a  time.   Addition 
of  new  variables  was  terminated  when  the 
last  failed  to  increase  R2  by  0.03  or  if 
its  coefficient  was  not  different  from 
zero  at  the  10  percent  confidence  level. 

STRATIFICATION  OF  STANDS  ON  BASIS  OF  TILL 

The  Keewatin  till  is  distinguished  by 
the  presence  of  limestone,  the  frequent 
presence  of  shale,  a  low  rock  content, 
buff  color,  and  generally  a  loamy  or  silty 
texture.   The  rainy  tills  are  sandy,  brown 
to  reddish  brown  in  color,  and  have  a  high 
rock  content.   A  third  Minnesota  till, 
the  Superior,  is  found  in  the  area  to  the 
southwest  of  the  Lake  Superior  basin  and  at 
one  time  supported  considerable  red  pine. 
But,  because  of  extensive  logging,  fire, 
and  farming,  too  few  suitable  stands  of  red 
pine  were  found  on  this  till  material  to 
be  included  in  this  report.   More  detail 
about  the  characteristics  of  the  tills 
can  be  found  in  the  report  of  Arneman  and 
Wright  (1959). 

Red  pine  occurs  on  both  the  tills 
themselves  and  on  the  outwash  and  lacustrine 
deposits  derived  from  the  till.   Most  red 
pine  plots  in  St.  Louis  County  and  eastward 
were  on  soils  formed  from  Rainy  till, 
whereas  soils  to  the  west  of  St.  Louis 
County  were  derived  primarily  from  the 
Keewatin  till.   Usually  the  geographical 
location  of  a  site  will  be  an  excellent 
indicator  of  the  kind  of  till  from  which 
the  soil  was  developed.   Where  in  doubt, 
particularly  along  the  St.  Louis-Itasca 
County  boundary,  the  soils  must  be  examined 
to  determine  the  till  source. 

RELATION  OF  SOIL  PROPERTIES  TO  RED  PINE 
SITE  INDEX 

In  general,  red  pine  stands  occur  on 
well  drained  sandy  soils  and  commonly  in 
association  with  jack  pine  or  white  pine. 
The  presence  of  fine  textured  layers  in  or 
below  the  solum  of  sandy  soils  or  the 
presence  of  fine  textured  material  under- 
lying sandy  soils  results  in  better  red 
pine  growth  than  on  sandy  •oils  without 
these  features  (Alban  1974a,  Hannah  and 
Zahner  1970,  Van  Eck  and  Whiteside  1963, 


White  and  Wood  1958) .   On  these  soils  red 
pine  growth  is  better  than  its  hardwood 
competitors,  such  as  aspen  and  sugar  maple, 
which  do  poorly  on  these  sites.   The 
hardwoods  reach  their  best  growth  on  the 
finer  textured  soils  (Post  1968,  Stoeckeler 
1960)  but  here  red  pine  growth  may  be  only 
slightly  better  than  on  many  sandy  soils 
(Alban  1974a,  Wilde  et  al.    1965).   Poorly 
drained  soils  are  not  suited  to  red  pine 
(Dreisinger  et  al.    1956,  Stone  et  al. 
1954,  Wilde  and  Voigt  1967). 


In  both  the  Rainy  and  Keewatin  till 
areas,  the  content  of  coarse  material  and 
the  thickness  of  the  A  and  B  horizons  are 
important  in  estimating  red  pine  site  index. 
Hence  the  determination  of  the  depth  to  the 
bottom  of  the  B  horizon  becomes  very  impor- 
tant.  B  horizons  in  both  the  Rainy  and 
Keewatin  till  soils  are  characterized  by 
various  accumulations  of  clay,  organic 
matter,  and  sesquioxides .   The  B  horizons 
characteristically  have  darker  brown  or 
more  reddish-brown  color,  and  slightly  more 
clay  than  surrounding  horizons.   Bedrock 
or  coarse  sand  or  gravel  is  sometimes  found 
beneath  the  B  horizons;  more  commonly  soil 
material  similar  to  the  B  horizon  but  little 
-ffected  by  soil-forming  processes  occurs 
below  this  horizon. 


Both  horizon  depth  and  coarse  material 
content  can  vary  greatly  even  within  small 
areas.   To  obtain  reasonable  estimates  of 
these  soil  properties  requires  a  minimum 
of  four  soil  pits  on  even  small  (perhaps 
up  to  40  acres)  management  tracts,  the 
number  needed  depending  on  the  precision 
desired,  and  on  the  variability  of  the  soils, 
which  would  become  apparent  after  examining 
the  first  few  pits.   Soil  variability  for 
certain  properties  of  northern  Minnesota 
soils  and  methods  for  estimating  adequate 
sample  size  have  been  reported  (Alban  1974b) . 

The  coarse  material  in  the  Rainy  till 
soils  is  crucial  because  the  higher  the 
coarse  material  content  the  lower  storage 
capacity  for  nutrients  and  water.   Hence, 
adding  terms  for  soil  nutrients  or  water- 
holding  capacity  to  the  equation  improves 
its  accuracy  only  slightly.   On  the  other 
hand,  for  stands  on  Keewatin  till,  more 
precise  equations  were  developed  when 
using  soil  nutrients  as  factors  (Alban 
1974a).   For  example,  an  equation  with 
terms  for  surface  soil  N,  P,  and  K  and 


for  Groups  I  and  0  resulted  in  an  R^ 
value  of  0.79.   However,  these  properties 
are  easily  altered  by  vegetation  changes 
or  by  man's  activities,  so  the  use  of 
more  stable  properties  is  preferred  be- 
cause they  are  more  reliable  indicators 
of  long-term  site  productivity. 

The  presence  or  absence  of  textural 
banding  in  Keewatin  till  soils  greatly 
affect  red  pine  site  index.   About  40 
percent  of  the  red  pine  stands  sampled  on 
soils  of  Keewatin  till  had  1  to  10  bands 
up  to  10  inches  thick  each,  within  the 
top  9  feet  of  soil.   All  bands  have  abrupt 
boundaries  with  the  surrounding  sandy 
material,  and  many  roots  are  concentrated 
at  the  top  of  and  within  the  thicker  bands. 
Similar  bands  have  been  described  and 
analyzed  in  detail  for  Michigan  soils 
(Wurman  et  al.    1959).   No  significant 
relations  were  found  between  site  index 
and  depth  to  the  band  or  the  texture  of 
the  band. 

Surface  soil  texture  (or  silt  +  clay 
content)  was  not  significantly  related 
to  site  index,  and  even  large  differences 
in  texture  had  little  or  no  effect  on 
site  index.   For  example,  in  Keewatin 
stands  the  6  plots  occurring  on  glacial 
till  (silt  +  clay  content  of  surface  soil 
greater  than  30  percent)  averaged  61  site 
index.   This  is  higher  than  the  average 
for  all  Keewatin  plots  (57)  but  almost 
identical  to  the  average  for  the  Group  I 
(banded)  plots.   Thus,  the  moderately 
heavy  textured  soils  (heavy  sandy  loam 
to  silt  loam)  are  not  better  red  pine 
sites  than  the  better  sandy  soils. 
This  agrees  with  simiLar  findings  in 
Wisconsin  (Wilde  et  al.    1965).   In 
New  York,  heavier  textured  but  well  drained 
soils  had  higher  red  pine  site  index  than 
sandy  soils  (DeMent  and  Stone  1968),  but 
the  sandy  soils  in  that  area  are  commonly 
abandoned  farms  that  are  deficient  in  K 
and  Mg.   Neither  of  these  elements  is 
likely  to  be  found  deficient  in  northern 
Minnesota  sandy  soils  (Alban  1974a) . 

Because  of  the  importance  of  coarse 
materials,  particularly  in  the  Rainy  till 
area,  the  modifiers  of  soil  textural  class, 
such  as  gravelly  or  very  gravelly,  do  indi- 
cate a  reduced  site  index.   For  example, 
of  the  poorest  9  sites  (mean  site  index  =  50) 
7  had  gravelly  surface  soil,  whereas  of  the 
10  best  sites  (mean  site  index  =  60)  only 
1  had  a  gravelly  surface  soil. 


Slope  and  aspect,  which  in  other  regions 
strongly  affect  site  quality  (Ralston  1964), 
are  of  little  importance  for  red  pine  in 
Minnesota,  primarily  because  of  the  subdued 
character  of  the  landscape.   In  the  Rainy 
till  area,  for  example,  only  4  of  the  19 
plots  sampled  had  slopes  greater  than  5 
percent  (maximum  15  percent)  and,  although 
this  is  clearly  a  limited  sample,  none  of 
these  4  was  among  the  best  or  the  poorest 
of  the  red  pine  sites.   In  both  till  areas, 
plots  located  on  narrow  ridgetops  or  at  the 
tops  of  small  knolls  were  of  poor  site 
quality,  but  such  areas  occupy  only  a  small 
percentage  of  any  stand  examined.   Further, 
these  topographic  positions  nearly  always 
have  more  coarse  material  and  thinner 
solums  than  soils  of  the  surrounding  area. 
And  these  factors  serve  adequately  to  es- 
timate site  index. 

None  of  the  Rainy  till  stands  had  a 
water  table  within  the  sampling  depth. 
Ten  of  the  52  Keewatin  stands  had  water 
tables  ranging  from  3  to  9  feet  below  the 
soil  surface,  but  neither  the  presence  of 
a  watei  table  nor  the  depth  to  it  was 
related  to  site  index.   The  average  site 
index  for  the  10  plots  with  a  water  table 
was  55,  which  is  close  to  the  average 
value  for  all  Keewatin  plots  of  57.   The 
seven  best  Keewatin  sites  had  no  water 
table  within  9  feet,  indicating  that  a 
shallow  water  table  is  not  necessary 
for  good  growth. 


SOIL  MAPPING  UNITS 

Ideally,  we  would  like  site  productivity 
to  be  an  easily  mappable  feature  of  the 
landscape.   And  to  this  end  many  attempts 
have  been  made  to  relate  soil  mapping  units 
to  tree  growth  with  various  degrees  of  success, 
Most  soil  series  are  too  heterogenous  to  be 
useful  for  predicting  forest  productivity 
(Jones  1969).   Subdividing  soil  series  into 
phases  based  on  properties  shown  to  be  im- 
portant to  tree  growth  could  reduce  variation 
within  series  (Carmean  1961).   But  lack  of 
detailed  knowledge  of  the  factors  limiting 
growth,  and  of  detailed  knowledge  of  the 
range  in  these  properties  within  soil  mapping 
units  have  limited  the  application  of  this 
refinement . 

Soil  series  and  phases  in  relation  to 
red  pine  plantation  growth  have  been  studied 
in  Michigan  (Van  Eck  and  Whiteside  1963) , 
New  York  (DeMent  and  Stone  1968),  and 


Wisconsin  (Wilde  et  at.    1965).   Each  of 
these  studies  showed  a  few  soil  units  that 
related  to  poor  red  pine  site  quality  be- 
cause of  shallowness  to  bedrock,  extreme 
droughtiness,  or  restricted  drainage.   But, 
except  for  the  very  poor  sites,  soil  mapping 
units  in  these  studies  were  of  limited  help 
in  distinguishing  red  pine  productivity  units. 

In  Minnesota  the  Soil  Conservation 
Service,  in  cooperation  with  the  North 
Central  Forest  Experiment  Station,  has 
evaluated  tree  growth  in  relation  to  soil 
mapping  units  as  part  of  its  interpretive 
program  for  soil  surveys.   The  results 
for  red  pine  have  not  been  encouraging. 
For  example,  in  north-central  Minnesota 
at  least  four  sample  plots  were  found  on 
nine  soil  mapping  units  (Hiwood ,  Kinghurst, 
Marquette,  Menahga-banded,  Menahga-non- 
banded,  Rockwood,  Swatara,  Taylor,  and 
Todd)  (USDA,  SCS,  and  NCFES ,  1968).   There 
were  no  significant  differences  in  red  pine 
site  index  among  these  nine  units. 
Similarly,  when  soils  were  grouped  into  broad 
"Woodland  Suitability  Groups,"  no  signifi- 
cant differences  in  red  pine  site  index 
were  found  among  the  five  groups  containing 
red  pine. 

In  the  present  study  most  plots  were 
in  areas  for  which  there  are  no  detailed 
soil  maps  so  as  mapping  progresses  new 
units  will  undoubtedly  be  needed  and  older 
ones  will  be  redefined.   Hence,  assigning 
many  plots  to  defined  soil  mapping  units 
is  tenuous  at  best.   However,  in  the 
Keewatin  till  area,  four  reasonably  secure 
mapping  units  were  represented  by  enough 
plots  to  present  a  useful  sample  of  pro- 
ductivity (table  4).   Clearly,  there  is 
little  if  any  difference  between  the  sands 
(Menahga)  and  the  fine  sands  (Shawano). 
There  is  more  difference  between  banded  and 
nonbanded  soils,  as  would  be  expected,  but 
the  differences  are  not  significant. 
The  average  range  of  site  index  on  these 
four  soils  is  14,  which  is  about  half  the 
total  site  index  spread  for  red  pine  and 
represents  large  differences  in  volume 
growth  (Buckman  1962) . 

In  view  of  all  this,  we  must  conclude 
that  soil  mapping  units  as  presently  con- 
stituted are  of  little  help  in  evaluating 
red  pine  site  index  for  specific  stands; 
they  may,  however,  aid  in  evaluating  other 
aspects  of  forest  management  such  as  seedling 
survival,  erosion  hazard,  brush  competition, 
frost  heaving,  wildlife  suitability,  etc. 
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Table  4. — Red  pine  site  index  on  four  soil  mapping  units 
on  the  Keewatin  till  area 


Soil 

:  Plots 

Site  index 
range 

:Mean 
:  site 
:  index 

Standard 
error 

Number 

Menahga  (sand-loamy  sand) 

6 

51-63 

55 

3.1 

Menahga  (sand-loamy  sand) 

banded  phase 

8 

55-68 

'.1 

1.9 

Shawano  (fine  sand-loamy 

fine  sand) 

6 

A8-61 

5b 

3.5 

Mosomo  (fine  sand-loamy  fine 

sand)  banded 

6 

51-68 

60 

6.4 

The  soil  factors  closely  related  to  red 
pine  growth,  however,  can  be  used  to  esti- 
mate red  pine  site  index  on  a  stand-by-stand 
basis.   To  expand  this  information  to  a 
mapping  unit  basis  requires  evaluating  the 
range  of  each  factor  within  the  various  soil 
mapping  units.   In  general,  the  information 
on  ranges  necessary  for  this  elaboration 
is  not  now  available  and  probably  will  not 
be  for  some  time.   In  specific  cases, 
however,  available  data  can  be  used  in  con- 
junction with  the  equation  or  tables  pre- 
sented in  this  report.   For  example,  the 
Insula  soil  series  has  been  described  as 
being  8  to  20  inches  thick  over  bedrock 
and  having  15  to  35  percent  (volume  basis) 
coarse  fragments  (Erickson  et  al.    1971). 
If  we  assume  that  the  A  and  B  horizons 
extend  to  bedrock,  that  the  soil  bulk 
density  is  1.3  g/cm  ,  and  the  rock  density 
is  2.65  g/cm3,  we  can  calculate  the  esti- 
mated range  of  Insula  site  index  values  for 
red  pine  as  ranging  from  48  to  56  by  using 
the  appropriate  equation  (p.  3). 


Red  pine  site  index  is  consistently 
2.8  lower  than  that  for  jack  pine  (fig.  3). 
Within  the  common  range  of  site  index  (40 
to  70),  red  pine  has  a  slightly  higher  value 
than  white  pine,  but  the  difference  is  never 
more  than  1.6  feet,  so  for  practical  purposes 
we  can  assume  identical  site  index  for  these 
two  species.   On  the  poorer  sites,  red  pine 
has  better  site  index  than  white  spruce  or 
aspen,  whereas  on  the  better  sites  the  re- 
verse is  true. 

Similar  site  indexes  for  two  species 
do  not  necessarily  indicate  similar  biologi- 
cal or  economic  tree  yield  and  may  mask 
large  differences  in  wildlife  suitability 
or  other  facets  of  the  site.   For  example 
red  and  jack  pine  will  generally  have  nearly 
identical  site  indexes  on  a  given  site, 
but  their  volume  growth  may  differ  appreciably. 
Thus  once  site  index  is  known  for  several 
species,  the  yields  of  these  species  should 
be  determined  and  compared. 
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AN  ASSESSMENT  OF  THREE  MEASURES  OF  LONG-TERM  MOISTURE  DEFICIENCY 

BEFORE  CRITICAL  FIRE  PERIODS 


Donald  A.  Haines,  Von  J.  Johnson,  and  William  A.  Main 


Accounting  for  long-term  drying  has 
always  been  a  major  problem  in  the  devel- 
opment of  forest  fire  danger  rating  systems. 
It  is  a  necessary  component  of  any  fire 
danger  rating  system  because  it  provides 
guidance  to  the  fire  manager  during  criti- 
cal conditions,  i.e.,  periods  when  moisture 
contents  of  soil  and  fuel  become  so  low 
that  fire  control  difficulties  are  greatly 
intensified.   Keetch  and  Byram  (1968) 
pointed  out: 

"The  moisture  content  of  the 
upper  soil,  as  well  as  that  of  the 
covering  layer  of  duff,  has  an  impor- 
tant effect  on  the  fire  suppression 
effort  in  forest  and  wildland  areas. 
In  certain  forested  areas  of  the 
United  States,  fires  in  deep  duff 
fuels  are  of  particular  concern  to 
the  fire  control  managers  ... (but) .. . 
in  fire  control,  the  critical  effects 
of  drought  are  not  confined  to  deep 
organic  soils.   Dried  out  organic 
materials  are  frequently  embedded  in 
the  shallow  upper  layers  of  mineral 
soils.   These  fuel  pockets  can  become 
a  deciding  factor  in  whether  or  not 
fire  lines  will  hold  and  be  a  further 
problem  in  mopup  operations." 

This  does  not  imply  that  difficult  for- 
est fires  cannot  occur  without  prior,  long- 
term  moisture  deficiency.   For  example, 
during  early  spring  in  the  north-central 
and  northeastern  States,  snowmelt  is  often 
followed  by  a  period  of  dry,  windy  days. 
Greening  of  the  low,  finer  vegetation  has 
not  yet  occurred  and  conditions  are  ideal 
for  fast-spreading  surface  fires.   These 
types  of  fires  may  display  crowning  in 
conifer  stands  but  rarely  burn  the  deeper 
duff  fuels.   Consequently,  low  moisture 
amounts  in  the  large  fuels,  deep  duff,  and 
soil  mantle  are  usually  not  a  contributing 
factor  in  this  type  of  forest  fire. 

Early  danger  meters  differed  widely  in 
their  approach  toward  measurement  of  long- 
term  drying.   During  the  1950' s  and  1960's, 
Buildup  Indexes  (BUI)  were  integrated  into 
fire  danger  rating  systems  in  the  United 
States.   They  reflected  the  dryness  or  wet- 
ness of  fuels  that  have  a  pronounced  effect 


on  fire  behavior,  except  the  fine,  flashy 
fuels  (Nelson  1964).   Fire  control  organi- 
zations felt  that  containment  and  mopup 
became  progressively  more  difficult  when 
BUI  values  increased,  which  gave  the  Index 
meaning  operationally. 

However,  many  believed  that  the  BUI 
did  not  indicate  extreme  drying  conditions. 
In  1968,  therefore,  Keetch  and  Byram  devel- 
oped a  drought  index,  which  they  stressed 
was  not  a  substitute  for  the  moisture  para- 
meters used  in  the  spread  phase  of  the 
National  Fire  Danger  Rating  System.   They 
explained : 

"A  drought  condition  is  not  a 
prerequisite  for  the  occurrence  and 
spread  of  fire  in  any  area.   The 
drought  index  does  not  replace  the 
buildup  index,  because  it  represents 
an  entirely  different  moisture  regime 
in  which  the  response  to  weather 
changes  is  much  slower  than  with  the 
buildup  index.   The  purpose  of  the 
drought  index  is  to  provide  fire  con- 
trol conditions  in  areas  where  such 
information  may  be  useful  in  planning 
fire  control  operations." 

Identification  of  the  proper  zone  of 
progressive  drying  is  a  problem  that  also 
plagued  other  researchers,  including  Wayne 
Palmer  of  the  National  Oceanic  and  Atmospher- 
ic Administration.   After  developing  a 
meteorological  drought  index  (Palmer  1965) , 
he  was  forced  to  later  construct  a  crop 
moisture  index  (Palmer  1968).   He  explained: 

"The  Meteorological  Drought  In- 
dex was  designed  to  evaluate  the  scope, 
severity,  and  frequency  of  prolonged 
periods  of  abnormally  dry  weather. 
For  this  purpose  it  works  reasonably 
well.   However,  since  some  people 
have  been  trying  to  interpret  it 
strictly  as  a  measure  of  the  current 
status  of  agricultural  drought;  i.e., 
as  a  measure  of  the  effects  of  ab- 
normally dry  weather  on  crops,  a 
separate  procedure  has  been  developed 
that  responds  rapidly  to  changes  in 
the  soil  moisture  situation  and  takes 


into  account  only  those  moisture 
aspects  which  affect  vegetation  and 
field  operations." 

Palmer  accomplished  this  by  combining 
an  "evapotranspiration  anomally  index"  and 
a  "wetness  index"  (Palmer  1968).   Therefore, 
both  Palmer  and  Keetch-Byram  independently 
came  to  the  conclusion  that  the  upper  and 
the  deeper  soil  layers  represented  such 
divergent  moisture  regimes  that  different 
bookkeeping  methods  were  required  in  their 
description.   They  are  not  the  only  ones 
that  finally  arrived  at  a  duel-entry  system 
to  identify  long-term  moisture  deficiency 
because  the  Canadians  developed  a  Forest 
Fire  Weather  Index  that  contains  a  Drought 
Code  and  a  Duff  Moisture  Code  (Van  Wagner 
1974). 

ASSESSMENT  PROCEDURES 

In  fire  danger  rating,  is  the  long- 
term  moisture  deficiency  best  represented 
by: 


1.  large,  surface  fuels? 

2.  litter  and  duff  layers  (L,  F,  and  H)? 

3.  soil  profiles?   or 

4.  living  foliage? 

We  attempted  to  partially  answer  these 
questions  by  assessing  the  values  for  the 
following  indexes  before  the  26  critical 
fire  situations  shown  in  figure  1: 

1.  The  Buildup  Index  that  was  de- 
signed to  represent  drying  in 
the  top  2  to  3  inches  of  litter 
type  fuel  (see  Appendix  I). 

2.  The  Keetch-Byram  (K-B)  Drought 
Index  that  is  a  moderately  fast 
response  system  applicable  to 
conditions  in  a  layer  from  sur- 
face to  deeper  soils  (see  Appen- 
dix II). 

3.  The  Palmer  Drought  Index  that 
is  a  slow  response  system  ap- 
plicable to  conditions  in  a 
layer  from  surface  to  deeper 
soils  (see  Appendix  III). 


Figure  1. — General  location  of  critical 
fire  situations.  The  numbers  corre- 
spond to  the  following: 

October  8-10,    1871 

1  Peshtigo   (Wisconsin),    1,280,000  acres 
burned;    1,300   lives   lost.      Extensive  areas 
°f  togQ^ng  and  land  clearing  slash  inter- 
spersed with  millions  of  acres  of  standing 
timber;   mostly  conifer. 

2  Chicago  (Illinois),  17,450  buildings 
burned;    200   lives   lost. 

3  Lower  Michigan,    2.5  million  acres 
burned;    200   lives   lost.      Extensive  areas 
of  logging  and  land  clearing  slash  inter- 
spersed with  millions  of  acres  of  standing 
timber;   mostly  conifer. 


September  1-5,    1881 
Thumb  Fires    (Michigan) ,    1  million  acres 
burned;    169   lives   lost.      Principally 
large  acreages  of  dead  timber  from  1871 
fires,   and  large  areas  of  windfalls  and 
conifer  slashings. 


September  1,    1894 

Hinckley    (Minnesota) ,    160,000  forested 
acres  burned;   418   lives   lost.      Fire 
started  in  large,    logged-over  pine  areas 
and  then  moved  into  standing  timber. 

October  12,    1918 

Cloquet   (Minnesota) ,    1,280,000  acres 
burned;   538   lives   lost.      Fire  started  in 
brush,    slash,   and  peat  bogs  and  then 
moved  into  standing  conifer  timber. 

October  23,    1947 
Bar  Harbor  &  York  County  Fires    (Maine) , 
150  miles  of  fire   line;    220,000  acres 
burned.      Dense  growth  of  spruce  and 
other  softwoods,    dry  stubble  of  cut 
hayfieldy    large  volumes  of  slash. 

May   23,    1950 
Greenfield   (Maine),    6,355  acres  burned. 
High  hazard  area  with   large  amounts  of 
slash. 

November  1,    1952 
Missouri  Fires,   a  33,000  acre  fire,   partly 
on  the  Clark  National  Forest.      State  had 


625  fires  during  October;   Govenor  closed 
all  forests.      Grass,   brush,   and  standing 
hardwood  timber  with  freshly  fallen  leaves. 
May   8-9,    1957 

10  Sanford-Kennebonk   (Maine),    13,000  acres 
burned,   one  of  several   large  fires  in  the 
northeast  and  Canada.      Fuel  moisture  3.3 
on  afternoon  of  the  8th;   severe  crowning. 
Pine  cover  with  old  pine  slash  areas. 

May   1,    1959 

11  Grantsburg    (Wisconsin) ,   Moose  Lake  and 
Badoura   (Minnesota) ,    crown  fires  burned 
26,000  combined  acres  at  Grantsburg  and 
Badoura.     Moose  Lake  reported  large  grass 
fires.      Natural  jack  pine  cover  with 
interspersed  red  pine  plantations . 

May   30,    1961 

12  Bear  Trail   (Minnesota)   and  Boundary 
(Wisconsin) ,    600-acre  crown  fire  on 
Superior  National  Forest;    two  crown 
fires  burned  600  acres  on  Nicolet 
National  Forest.      Bracken  fern  at  origin; 
fire  burned  over  swamps  and  into  standing 
conifer  timber. 

April    20-21,    1963 

13  Paw  Paw   (West   Virginia)  and  New  Jersey 
fires,    6,626  acre  fire  in  West  Virginia; 
over  200, 000  acres  burned  during  spring 
season  in  New  Jersey.      Mostly  shrub  oak 
and  pitch  pine  areas  in  New  Jersey  with 
fire  carried  in  wind^driven  oak   leaves. 
In  West  Virginia  cover  was  mixed  hardwood 
with  some   Virginia  pine  and  scrub  oak. 

October  14,    1963 

14  St.    Lawrence    (Pennsylvania) ,    3  fires 
joined;    3,  000  acres  burned.      Began  in  low 
vegetation  along  a  railroad  track. 

April   12-17,    1964 

15  Lower  Michigan,    9   large  fires  burned 
between  306  and  3,000  acres  each;   crown- 
ing with  high  winds.      Some  burned  in 
large  grass  areas,   and  also  in  hardwood 
and  jack  pine  stands. 

November  5-11,    1964 

16  District  5    (West  Virginia),    413  fires  in 
this  district  during  November.      Five 
large  fires  burned  between  1,200  and 

3,  370  acres. 

August  4,    1965 

17  Centerville    (Maine),    12,062  acres  burned 
with  much  crowning  and  spotting .      Fire 
started  in  a  peat  bog;   it  continued  into 


cutover  areas  and  then  spread  into  spruce- 
fir  stands. 

November  4,    1965 

18  Tuscorora  Mt.  (Pennsylvania) ,  550  acres 
burned;  difficult  mopup,  fire  broke  out 
again  on  November  6. 

April   5-6,    1967 

19  White  Ranch    (Missouri) ,    2,050  acres 
burned  with   low  vegetation  in  cured 
stage.      Previously  burned  hardwood  area 
with  a  large  number  of  snags. 

June   3,    1967 

20  Clearwater   (Minnesota) ,    800  acres  burned 
with  crowning  and  spotting.      Fire  started 
in  cured  low  vegetation   (grass,   moss,   and. 
dry  duff).      It   then  burned  through  heavily 
stocked,   pole  size,   spruce  and  fir  stands. 

April   19,    1968 

21  Broad  Mt.    (Pennsylvania) ,    819-acre  fire; 
"Governor  issued  a  proclamation  caution- 
ing extreme  fire  danger."     Unbroken  scrub  oak, 


May   8,    1968 


may   o,    ±vvo 
22      (Michigan),    two  fires  of  1,570  and  4,692 
acres,   much  crowning  and  spotting.      Oak 


and  jack  pine. 


March   19-22,    1969 

23  (Missouri) ,   eight   large  fires  burned  a 
total  of  5,700  acres.      Low  vegetation  in 
cured  stage;   mostly  grass  and  second 
growth  hardwoods  burned. 

March   31,    1971 

24  (Missouri) ,   eight  large  fires  burned  a 
total  of  6,400  acres;   15,000  acres  were 
burned  across   the  State.     Serious  fires 
also  reported  in  south  Illinois .     Mostly 
second  growth  hardwoods  in   late  dormancy. 

April   18,    1971 

25  Manahawkin   (New  Jersey),    21,000  acres 
burned  in  7  hours.      Critical  fires  also 
reported  in  eastern  Pennsylvania.      Fire 
began  in  a  grass  field  near  the  Pine 
Barrens  region.      It  displayed  extensive 
crowning  as  it  moved  into  pitch  pine. 

May   14,    1971 

26  Little  Sioux  (Minnesota) ,  15,000  acres 
burned  with  much  crowning  and  long 
distance  spotting .  Sixty-five  percent 
of  area  had  been  recently  logged.  The 
fuels  included  tall,  dead,  marsh  grass 
and  aspen  and  conifer  stands. 


These  26  fire  situations  include  most 
of  the  well  known  fires  that  have  occurred 
in  the  northeastern  and  north-central  States 
since  1871  as  well  as  situations  judged 
especially  difficult  by  State  fire-control 
organizations.   They  do  not  represent  all 
the  critical  fire  situations  that  have 
occurred  in  these  States,  only  those  for 
which  weather  and  fire  behavior  data  were 
well  documented.   The  selection  emphasizes  fires 

Table  1. — Immediate  weather  conditions  and  index  values  at  the  time  of 

fire  start 


since  1960  because  personnel  currently 
employed  in  fire-fighting  organizations 
had  first-hand  experience  in  their  contain- 
ment . 

INTERPRETATION  OF  RESULTS 

The  values  of  the  three  indexes  before 
the  26  critical  fire  periods  are  tabulated 
in  table  1.   Almost  all  the  median  and  mean 
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Wind 
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K-B 

[   BUI 

•F 
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1. 

Madison,  Wisconsin 
Sturgeon  Bay,  Wisconsin 

63 

24 

12 

^^ 

300 

101 

2. 

Chicago,  Illinois 

85 

24 

22 

394 

80 

3. 

Lansing,  Michigan 

78 

37 

12 

'-3.04 

381 

60 

4. 

Thornville,  Michigan 

99 

40 

34 

'-4.93 

435 

80 

5. 

Sandy  Lake,  Minnesota 
St.  Paul,  Minnesota 

90 

28 

20 

'-9.15 

438 

198 

6. 

Cloquet,  Minnesota 
Duluth,  Minnesota 

76 

31 

265 

'-2.46 

246 

66 

7. 

Coastal  Maine 

-3.00 

Portland,  Maine 

82 

3b 

327 

580 

100 

Bar  Harbor,  Maine 

510 

82 

8. 

Coastal  Maine 

-2.50 

Portland,  Maine 

72 

47 

16 

98 

46 

9. 

Eastern  Ozarks,  Missouri 

-2.20 

Salem,  Missouri 

75 

44 

8 

622 

104 

10. 

Coastal  Maine 
Portland,  Maine 
At  fire 

86 

20 

12 

-2.43 

160 

68 

11. 

East-central  Minnesota 

-2.15 

Duluth,  Minnesota 

80 

27 

20 

21 

32 

North-central,  Minnesota 

-2.34 

Moose  Lake,  Minnesota 

89 

U 

Park  Rapids,  Minnesota 

93 

50 

38 

12. 

Northeast  Minnesota 

-1.38 

Duluth,  Minnesota 

77 

22 

14 

48 

38 

Winton,  Minnesota 

62 

Green  Bay,  Wisconsin 

74 

26 

10 

54 

13. 

Southern  New  Jersey 

-1.50 

Atlantic  City,  New  Jersey 

79 

15 

25 

150 

78 

Pemberton,  New  Jersey 

155 

Northeast  West  Virginia 

-1.00 

Roraney,  West  Virginia 

218 

14. 

South-central  Mountains  Pennsylvania 

-4.57 

Pittsburg,  Pennsylvania 

70 

16 

4 

567 

35 

Altoona,  Pennsylvania 

532 

15. 

Northwest  Lower  Michigan 

-1.54 

Traverse  City,  Michigan 

72 

31 

So 

7 

10 

Central  Lower  Michigan 

-1.86 

Northeast  Lower  Michigan 

-2.74 

16. 

Southwest  West  Virginia 

-2.75 

Charleston,  West  Virginia 

70 

20 

20 

550 

75 

17. 

Coastal  Maine 

-4.69 

Mitten,  Maine 

78 

30 

18 

88 

Jonesboro,  Maine 

530 

Ellsworth,  Maine 

580 

18. 

Mid-Susquehanna ,  Pennsylvania 

-2.68 

Harrisburg,  Pennsylvania 

66 

26 

16 

177 

41 

19. 

Eastern  Ozarks,  Missouri 

-1.34 

West  Plains,  Missouri 

86 

24 

18 

258 

63 

Rolla,  Missouri 

155 

20. 

Northeast  Minnesota 

-0.52 

Isabella,  Minnesota 

79 

26 

16 

60 

56 
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21. 

East-central  Mountains,  Pennsyl 

yania 

-1.63 

Cressona,  Pennsylvania 

73 

29 

10+ 

67 

Allentown,  Pennsylvania 

101 

22. 

Northwest  Lower,  Michigan 

+1.05 

Houghton  Lake,  Michigan 
At  fire 

65 

52(1 
24(4 

p.m.) 

p.m.) 

15+ 

50 

40 

23. 

Eastern  Ozarks,  Missouri 
Sumroerville,  Missouri 
Fremont  Tower,  Missouri 
Eminence,  Missouri 

79 

17 

13 

-0.32 

30 

49 

24. 

South-central  Missouri 

-1.00 

Salem,  Missouri 

73 

14 

21 

28 

^55 

25. 

Southern  New  Nersey 
Tuckerton,  New  Jersey 
Coastal  New  Jersey 
Cedar  Bridge,  New  Jersey 

70 

23 

619 

-0.67 
-0.73 

50 

52 

26. 

Northeast  Minnesota 

+2.77 

Ely,  Minnesota 

76 

15 

L6 

45 

Cook,  Minnesota 

l-l.tt 

Winton,  Minnesota 

55 

'Values   computed    for  a   single   station   and   not   a   climatic   division. 
Winds  were    fire    induced. 
3Wind  was    the   highest   of   the   day. 
^Highest   wind   observations   at    fire. 
-"Ranged   from  42    to   63   across   the   fire   area. 
6Wind   gusts    to   60   at    fire. 


values   of    the    individual   spring   and   autumn 
sets   in   figures   2,    3,    and   4   are  very   close 
(table   2).      Correlation    (N=26)    between   the 
indexes   are   significant   at    the    1   percent 
level   as   follows : 


Palmer 

— 

K-B 

-0.62 

BUI 

-0.67 

Palmer       K-B 


0.56 


BUI 


However,  an  appreciable  portion  of  the 
variability  is  not  accounted  for;  this 
emphasizes  that  all  three  indexes  respond 
somewhat  differently  to  various  phases  of 
the  water  exchange  process.   We  did  not 
attempt  to  compare  variability  by  computing 
the  coefficient  of  variation  because  of 
the  nature  of  the  number  scales  in  the 
three  systems. 

Our  data  re-emphasizes  that  long-term 
moisture  deficiency  in  itself  cannot  be 
used  to  forecast  critical  fire  situations. 
If  the  smaller  fuels  are  wet  or  green  and 
winds  are  calm,  serious  fires  usually  will 
not  occur  at  any  time  of  year.   Most  critical 
fires  are  caused  from  a  combination  of 
factors  that  occur  in  conjunction  with 
drought  conditions.   Consequently,  it  is 
not  possible  to  establish  precise  "threshold 
values"  at  which  critical  fire  situations 
may  develop  although  most  of  the  26  fire 


Table  2. — Median,   mean,    standard  deviation, 
and  90th  percentile   levels  of  3  indexes 
in  the  spring  and  fall  before   26  critical 
fire  periods 

SPRINC  (N*14) 


Index 


Median 


Mean 


Standard 
deviation 


90th 

Percentile 

levels 


51 


50 


BUI 
Keetch- 

Byram    52      82 
Palmer    -1.49    -1.0 


17 

68 

1.4 


14  to  86 

0  to  227 
1.98  to  -3.98 


FALL  (N=12) 


BUI       80 
Keetch- 

Byram  438 
Palmer    -3.1 


86 


439 
-3.7 


42 


145 
2.0 


0  to  178 

123  to  755 
0.66  to  -8.1 


situations  we  examined  began  with  BUI  values 
above  30  in  the  spring  and  well  above  40 
in  the  fall  (fig.  2).   None  of  them  developed 
when  the  Palmer  Index  was  less  than  -2.2  in 
autumn  (fig.  4).   The  other  three  seasonal 
data  groupings  are  more  ambiguous  (figs.  3 
and  4) . 

Response  times  are  often  quite  differ- 
ent when  we  compare  the  three  systems  (fig. 
5).   For  example,  in  the  late  fall  of  1952 
(figure  1,  No.  9)  a  proclamation  by  the 
governor  of  Missouri,  followed  by  similar 
Forest  Service  action,  closed  all  woods  and 
forests  in  that  State  to  the  public,  the 
only  time  this  action  has  ever  been  taken 
there.   The  people  of  the  eastern  Ozarks 
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Figure   2. — BUI  values  before   the  critical  fire  periods  shown  in  figure   1. 


600 

I                   i                   i 

T 

1 —  — 

17- 

T 

t9 

14.  7* 

16« 

500 

,   AVERAGE 

»  90TH    PERCENTILE 

LEVEL 

.5 

4* 

X 

LU 
Z> 
_l 
< 

> 

400 

2. 
3* 

r 
o 
=> 
o 
a. 
o 

CO 

300 
200 

19' 

* 

10- 
13* 

1- 

6« 

18* 

100 

n 

8* 
21. 

12. 
„.     25.      22.  • 

23-    2>           11-       26 

|15^      ml                , 

20 

i 

i 

# 

MAR         APR         MAY       JUNE       JULY        AUG       SEPT        OCT 


NOV 


Figure  3. — K-B  Drought  values  before   the  critical  fire  periods  shown  in 

figure  1 . 
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in  figure   1.      For  May   14,    1971    (figure   1,   No.    26),    two  values  are 
given:      the  second   (26  p.)  was  computed  using  point-source 
observations   taken  near  the  fire  area. 
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considered  that  drought  and  fire  danger 
period  to  be  the  worst  in  memory.   The 
Palmer  Index  classed  the  Missouri  area  as 
"very  wet"  through  the  spring  of  1952. 
Consequently  the  Palmer  system,  because 
it  reacts  slowly,  only  rated  this  area 
as  mild-to-moderate  drought  by  autumn.   On 
the  other  hand,  the  Keetch-Byram  system 
assigned  the  most  critical  value  of  all 
26  fire  situations  examined  (622)  and  the 
BUI  assigned  the  second  most  critical  value 
(104).   The  Keetch-Byram  and  the  BUI  systems 
appear  to  give  more  realistic  assessments 
of  the  true  1952  fire  potential  in  Missouri 
because  both  were  designed  to  respond  more 
rapidly  to  fast  changing  situations  than 
the  Palmer  Index. 


All  three  indexes  produce  markedly 
different  sets  of  spring  vs.  fall  values. 
Spring-fall  value  differences  are  very 
pronounced  in  the  Keetch-Byram  system  and 
obvious  in  the  Palmer  Drought  Index.   These 
differences  are  not  as  distinct  in  the  BUI. 
Index  values  are  not  as  high  in  spring  as 
in  autumn  because  causal  factors  assume 
varying  degrees  of  importance  from  season 
to  season.   For  example,  critical  fires 
almost  always  occur  in  the  spring  when 
ground  vegetation  is  in  the  cured  stage 
and  this  is  often  the  decisive  factor  in 
that  season,  not  the  soil  moisture  deficit. 

In  spring,  many  large-fire  situations 
develop  without  an  appreciable  increase  in 
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Figure  5. — Values  of  BUI,    K-B  Drought,   and  the  Palmer  Drought  Indexes 
during  the   1952  fire  season  in  Missouri,    including  the  November  1 
fires    (figure   13    No.    9).      Palmer  Drought  values  are  given  for 
the  East  Ozark  division.      The  BUI  and  K-B  Drought  values  were 
computed  using  data  from  the  Salem  station. 


the  Keetch-Byram  Index.   Apparently  this  is 
because  the  index  does  not  increment  unless 
afternoon  temperatures  are  above  50°F. 
There  is  usually  little  or  no  carryover 
from  year  to  year  in  K-B  values,  even  in 
the  southern  sectors  of  the  north-central 
and  northeastern  States  (fig.  6).   In 
Missouri,  for  example,  K-B  values  are 
usually  at  their  lowest  during  the  early- 
spring,  fire  season.   This  type  of  index 
is  obviously  more  appropriate  for  late 
summer  and  fall  evaluations  of  danger  sit- 
uations . 

Because  the  Palmer  system  is  normalized, 
its  average  values  are  near  zero  for  any 
given  month  of  the  year  (fig.  7).   A  zero 
value  indicates  th'at  soil  conditions  are 
near  the  normal  for  that  geographic  area. 
For  Missouri's  three  spring  fire  situations 


(figure  1,  Nos.  19,  23,  and  24),  the  Palmer 
values  show  near  normal  to  mild  drought 
(Appendix  III)  ,  not  an  indication  of  poten- 
tially serious  conditions  (fig.  7).   The 
Keetch-Byram  system  produced  near  seasonal 
normal  values  for  two  of  these  same  critical 
fires  (fig.  6).   Only  the  BUI  showed  a  con- 
sistent danger  value  in  all  three  situations 
(fig.  8);  it  gave  extreme  values  that  might 
be  expected  1  year  in  20. 

The  Keetch-Byram  Index  may  do  an  ade- 
quate job  of  representing  moisture  condi- 
tions at  lower  levels  throughout  the  year, 
but  the  importance  of  moisture  to  fire  po- 
tential at  this  level  changes  with  season. 
On  spring  days  when  temperatures  are  below 
50°F,  moisture  loss  from  lower  layers  will 
probably  be  negligible,  but  evaporation 
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Figure  6. — K-B  Drought  Index  for  Salem,   Missouri ,    showing  the   1960-1973 
mean  values  and  the  extreme  values   to  be  expected  1  year  in  20. 
Values  are  also  shown  for  the  critical  Missouri  fire  periods 
during  1952,    1967,    1969,   and  1971    (figure   1,    Nos .    9,    19,    23,    24). 
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Figure  7. — Palmer  Drought  Index  in   the  Eastern  Ozarks    (Missouri) 
showing  the   1920-1970  mean  values  and  the  extreme  values   to  be 
expected  1  year  in  20.      Values  are  also  shown  for  the  critical 
Missouri  fire  periods  during  1952,    1967,    1969,   and  1971    (figure   1, 
Nos.    9,    19,    23,    24). 
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Figure  8. — BUI  at  Salem,   Missouri,    giving  the   196C-1973  mean  values 
and  the  extreme  values   to  be  expected  1  year  in  20.      Values  are 
also  shown  for  the  critical  Missouri  fire  periods  during  1952,    1967, 
1969,   and  1971    (figure   1,    Nos.    9,    19,    23,    24). 


from  the  upper  levels  may  be  important. 
Inasmuch  as  vegetation  is  usually  dormant 
in  spring,  the  effects  of  transpiration  are 
nil  and  moisture  at  lower  levels  is  usually 
of  no  concern.   During  spring,  moisture  at 
surface  and  in  the  extreme  upper  layer 
largely  determines  the  condition  of  the 
available  fuels. 

Later  in  the  year,  living  vegetation 
draws  moisture  from  the  upper  and  lower 
levels  and  other  physical  phenomena  cause 
water  loss  from  all  layers.   Therefore,  it 
appears  that  a  measure  of  long-term  pro- 
gressive drying  for  the  late  growing  sea- 
son should  focus  on  both  the  upper  and 
lower  layers  as  a  source  of  moisture. 


CONCLUSIONS 

Any  system  that  is  dependent  upon  one 
fixed  depth  of  soil  horizon  to  indicate 
fire  danger  is  not  usable  throughout  the 
fire  season  in  the  north-central  and  north- 
eastern States.   Therefore,  a  danger  system 


employing  a  multilayer  soil  model  having 
varying  response  features  would  be  optimum 
but  highly  complex. 

Given  a  choice  of  realistic  alternatives, 
it  appears  that  a  litter-duff  index  having 
rapid  response  features  gives  best  results 
in  the  spring.   An  index  having  slower  re- 
sponse features  that  considers  a  greater 
depth  of  soil  horizon  appears  to  be  satis- 
factory during  the  late  summer-fall  fire 
season,  especially  if  it  is  used  in  combi- 
nation with  a  litter-duff  model.   Therefore, 
these  data  reinforce  the  decision  of  those 
modelers  who  have  opted  for  a  duel-entry 
system  in  accounting  for  long-term  moisture 
deficiency. 

Such  a  system  does  not  include  the 
direct  contribution  of  large  surface  fuels 
and  living  vegetation.   Indirectly,  however, 
the  relative  moisture  status  of  these  ma- 
terials may  be  reflected  by  the  soil  moisture 
trends.   The  moisture  con.tent  of  living  veg- 
etation is  partially  determined  by  the  avail- 
ability of  moisture  to  root  systems,  while 
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the  water  content  of  large  surface  fuels 
responds  to  the  same  environmental  stimuli 
as  does  soil  water.   Although  extensive 
investigation  is  needed  to  represent  the 
actual  integrated  response  of  the  total 
fuel  complex  to  drought,  immediate  needs 
appear  best  met  by  a  two-layer  system. 
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APPENDIX  I. --THE  BUILDUP  INDEX 

The  Buildup  Index  in  the  1964  National 
Fire  Danger  Rating  System  is  defined  as  "a 
number  expressing  the  cumulative  effects  of 
a  daily  drying  factors  and  precipitation  in 
fuels  having  a  10-day  timelag  constant."1 
It  appears,  however,  that  it  might  be  more 
representative  of  fuels  having  a  5-day  time- 
lag  constant.   The  designers  of  the  BUI  used 
a  10-day  timelag  because  they  hoped  it  would 
equal  the  drying  rate  for  the  average  forest 
floor;  thus  it  would  have  significance  na- 
tionally.  They  felt  the  index  represented 
conditions  in  the  upper  2  to  3  inches  of 
litter-type  fuels. 

The  BUI  is  a  numerical  expression  of 
the  accumulated  rate  of  moisture  absorption- 
desorption.   A  numerical  factor  of  5  (a 


drying  factor)  is  assigned  for  a  standard 
drying  day  (80°F,  20  percent  relative  humid- 
ity) .   A  colder  or  more  humid  day  is  assigned 
a  lesser  number.   A  hotter  or  dryer  day  is 
assigned  a  greater  number. 

Precipitation  reduces  the  value  of  the 
BUI  as  follows: 

BUI=-50  (L0Gg  ( 1 . 0-  ( 1 . 0-EXP  i1^-) )  EXP (-1 .  175 

(P-0.1)))) 

where  BUO  =  yesterday's  BUI  and  P  =  past 
24-hour  precipitation.   The  BUI  is  then 
adjusted  by  adding  the  drying  factor. 

This  index  is  similar  to  the  Timber 
Buildup  used  in  the  California  Wildland 
Fire  Danger  Rating,2  but  a  dry-wet  bulb 
temperature  measurement  is  used  to  arrive 
at  a  daily  drying  factor.   In  the  Wildland 
System  a  timber  buildup  factor  is  derived 
from  daily  fuel-stick  moisture.   These 
factors  were  accumulated  to  provide  the 
drying  portion  of  Timber  Buildup. 

"As  the  Buildup  Index  increases,  there 
should  be  more  fuel  burning  and  greater 
fire  persistence.   These  changes  should  be 
reflected  in  the  difficulty  of  handling 
fires,  and  thus  call  for  stepped  up  pre- 
paredness beyond  what  would  be  necessary 
for  a  change  in  spread  index  alone,"  accord- 
ing to  Keetch. 3 

Where  snow  often  covers  the  ground  all 
winter,  the  BUI  usually  starts  anew  each 
spring.   In  southern  areas  values  can  carry 
through  the  winter.   In  some  States,  Missouri, 
for  example,  users  reported  that  the  numbers 
did  not  seem  to  have  the  same  meaning  in 
spring  as  they  did  in  autumn. 

Calculation  requires:   (1)  book  tables 
(Nelson  1964),  (2)  wet-dry  bulb  temperatures, 
and  (3)  24-hour  precipitation  amounts.   Some 
fire  control  units  in  southeastern  States 
use  the  following  rule  of  thumb:   the  her- 
baceous stage  changes  from  green  to  transi- 
tion when  BUI  values  reach  50  and  changes  to 


Serv 
Stn. 


zUnpublished  report  by   the  USDA  For. 
,    Vac.   Southwest  For.   and.  Range  Exp. 
1962. 


1 Timelag  is  defined  as   the   time  neces- 
sary for  a  fuel  particle   to  lose  approximately 
63  percent  of  the  difference  between  its 
initial  moisture  content  and  its  equilibrium 
moisture  content. 


^Development  of  the  national  fire 
danger  rating  system:     basic  structure  and 
spread  phase.      82  p.      Unpublished  manuscript 
on  file  at  the  Southeast.   For.    Exp.   Stn. t 
Asheville ,    North  Carolina. 
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cured  when  they  reach  100.   This  appears  to 
have  been  based  upon  administrative  judgment, 
not  empirical  evidence. 


Advantages  of  the  BUI 

1.  The  system  is  easy  to  compute  and 
provides  a  continuous  record  because  it  is 
updated  daily. 

2.  Point  source  computation  permits 
the  estimation  of  values  for  small  areas. 

It  is  not  restricted  to  a  bounded  land  area. 

Disadvantages  of  the  BUI 

1.  A  point  source  computation  will  not 
always  be  representative  of  a  larger  area, 
although  Gerrie  (1969)  found  that  single 
stations  are  representative  of  the  Canadian 
areal  drought  index  about  90  percent  of 

the  time. 

2.  The  index  requires  relative  humi- 
dity observations,  which  are  more  difficult 
to  obtain  than  temperatures  or  precipitation 
amounts.   Relative  humidity  does  not  have 
conservative  meteorological  properties,  and 
its  measurement  is  more  subject  to  observa- 
tional error. 


APPENDIX  II.— KEETCH-BYRAM  DROUGHT  INDEX 

The  Keetch-Byram  Drought  Index  attempts 
to  measure  the  amount  of  precipitation 
necessary  to  return  the  soil  to  full  field 
capacity.   It  is  a  closed  system  ranging 
from  0  to  800  units  and  represents  a  moisture 
regime  from  0  to  8  inches  of  water  through 
the  soil  layer.   At  8  inches  of  water,  the 
Keetch-Byram  Index  (K-B)  assumes  saturation. 

The  expression  for  the  drought  equation 
takes  the  general  form: 


-3 


[800-Q][0.968EXP(0.0486T)-0.83]dT 
dq       1  +  10.88  EXP  (-0.0441R) 


where  dQ  ■  the  drought  factor,  Q  =  the  mois- 
ture deficiency,  T  =  the  maximum  temperature 
°F,  R  =  the  mean  annual  precipitation  in 
inches,  and  t  =  the  time  in  days  during  which 
soil-duff  has  been  losing  moisture.   The  time 
increment  is  usually  set  equal  to  1  day. 

Routine  calculation  requires:   (1)  the 
above  equation  or  book  tables  (Keetch  and 
Byram  1968),  (2)  daily  maximum  temperature 
or  the  2:00  p.m.  temperature,  and  (3)  the 
24-hour  precipitation  amount. 


Advantages  of  the  Keetch-Byram  Index 

1.  The  system  is  easy  to  compute  and 
provides  a  continuous  record  because  it  is 
updated  daily. 

2.  Point  source  computation  allows  one 
to  estimate  values  for  small  areas.   It  is 
not  restricted  to  a  bounded  land  area. 

3.  It  does  not  require  a  routine 
schedule  of  meteorological  observations  that 
are  difficult  to  obtain. 

Disadvantages  of  the  Keetch-Byram  Index 

1.  Point  source  computation  will  not 
always  be  representative  of  a  larger  area, 
although  Gerrie  (1969)  found  that  single 
stations  are  representative  of  the  Canadian 
areal  drought  index  about  90  percent  of  the 
time . 

2.  Computation  often  produces  values 
reflecting  soil  field  capacity  during  the 
spring  fire  season,  but  these  do  not  neces- 
sarily indicate  whether  fire  conditions  are 
critical. 


APPENDIX  III. --THE  PALMER  DROUGHT  INDEX 

This  index  measures  a  departure  from 
normal  and  is  the  only  one  of  the  three  that 
has  been  normalized.   Classes  for  dry  periods 
follow: 


Monthly  index  value 


Class 


4.00  and  above  to  0.50  Extremely  wet  to 


0.49  to  -0.49 


.50 

to  -  .99 

1 

00 

to  -1.99 

2 

.00 

to  -2.99 

3 

.00 

to  -3.99 

4 

.00 

and  belo 

incipient  wet  spel 
Near  normal 
Incipient  drought 
Mild  drought 
Moderate  drought 
Severe  drought 
Extreme  drought 


Monthly  data  were  used  to  determine 
drought  values  by  the  standard  Palmer 
methodology.   Results  seem  realistic  because 
the  system  responds  rather  slowly  to  change. 
Palmer  (1965),  after  comparing  output  using 
weekly  and  monthly  computations,  reported, 
"the  weekly  data  provide  more  detail  and 
apparently  get  just  a  little  closer  to  a 
realistic  measure,  but  for  climatological 
purposes  the  differences  are  slight." 
Weekly  analysis  makes  it  possible  to  keep 
current  with  the  progress  of  drought  on  an 
operational  basis. 
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The  soil  is  divided  into  two  arbitrary 
layers,  and  the  moisture  loss  is  calculated 
as  follows: 

L  =  S   or  (PE-P), 
s    s 

(whichever  is  smaller),  and 

S 

L   =  (PE-P-L  )-r^7T,  L   <  S 
u  s  AWC   u  —  u 

where  L  =  moisture  loss  from  surface  layer, 
S  =  available  moisture  stored  in  surface 
llyer  at  start  of  month,  PE  =  potential 
evapotranspiration  for  the  month,  P  =  pre- 
cipitation for  the  month,  L  =  loss  from 
underlying  levels,  S  =  available  moisture 
stored  in  underlying  levels  at  start  of 
month,  and  AWC  =  combined  available  capacity 
of  both  levels. 

Calculation  requires:   (1)  a  large 
number  of  constants  (Palmer  1965),  (2)  max- 
imum and  minimum  temperature  (weekly  or 
monthly  means),  and  (3)  weekly  or  monthly 
precipitation  amounts.   A  computer  program 
has  been  written  that  outputs  these  data 
for  single  station  analysis. 

Advantages  of  the  Palmer  Index 

1.  It  is  a  highly  complex  system  that 
considers  an  impressive  array  of  features 
such  as  the  estimated  run-off,  the  potential 
recharge,  and  three  severity  indexes. 

2.  It  is  presently  computed  weekly 

for  all  climatic  divisions  of  the  country  by 
NOAA  through  most  of  the  fire  season  and 
published  periodically  in  a  NOAA-USDA  joint 
publication,  Weekly   Weather  &  Crop  Report. 

3.  The  values  are  normalized  based  on 
the  1930-1960  climatic  period. 


4.   It  does  not  require  a  routine 
schedule  of  meteorological  observations 
that  are  difficult  to  obtain. 

Disadvantages  of  the  Palmer  Index 

1.  Because  this  is  an  extremely  com- 
plicated system,  hand  computation  is  diffi- 
cult for  those  lacking  an  extensive  back- 
ground in  drought  analysis. 

2.  Climatic  division  values  are  not 
always  representative  of  smaller  inclusive 
areas.   During  the  Little  Sioux  fire  in  1971, 
for  example,  the  index  value  for  the  Minnesota 
northeast  climatic  division  was  +2.77.   A 
point  source  computation  for  the  immediate 
fire  area  produced  a  value  of  -1.23  (table  1). 

3.  A  final  index  value  requires  a 
probability  computation.   This  probability 
term  allows  the  user  to  select  a  drought 
value  given  three  choices:   (1)  What  is  the 
severity  index  if  a  wet  spell  is  becoming 
established?   (2)  What  is  the  severity  in- 
dex if  drought  is  becoming  established? 

(3)  What  is  the  severity  index  for  any  wet 
spell  or  any  drought  that  has  become  definite- 
ly established?   The  index  of  drought  (or 
wet  spell)  severity  is  unassigned  when  the 
probability  term  is  between  0  and  1.0.   The 
proper  choice  is  easily  determined  on  a 
climatological  basis  (after  the  fact). 
Operationally,  however,  the  choice  is  much 
more  difficult  to  make,  and  the  selected 
index  value  must  be  considered  a  best  guess 
on  a  real  time  basis.   Operationally  this 
is  not  entirely  a  detriment  because  it  also 
provides  valuable  options.   It  may  make  the 
system  more  difficult  to  use  as  a  simple 
descriptive  tool,  yet  it  provides  a  wider 
range  of  autonomy  and  allows  a  predictive 
capability. 


kMain,    W.   A.,   and  D.   A.    Haines.     Point 
source,   computer  program  for  the  Palmer 
Drought  Index.      12  p.      Unpublished  manuscript 
on  file  at  the  North  Cent.    For.   Exp.   Stn., 
East  Lansing ,   Michigan. 
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SUGAR  MAPLE:  TREE  AND  BOLE  WEIGHTS,  VOLUMES, 
CENTERS  OF  GRAVITY,  AND  LOGGING  RESIDUE 

H.  M.  Steinhilb  and  Sharon  A.  Winsauer 


A  trend  toward  mechanization  of  the 
skidding  and  loading  phases  of  logging 
operations  has  been  evident  during  the 
past  decade.   Logging  equipment  is  being 
developed  to  handle  tree-length  boles  or 
entire  trees.   Designers  of  such  harvesting 
machines  need  information  on  the  weight, 
volume,  and  center  of  gravity  of  trees 
and  boles. 

There  is  also  a  trend  toward  more 
complete  utilization  of  the  tree.   Present 
systems  tend  toward  chipping  logging 
residue,  and  even  entire  trees,  in  the 
woods  by  mobile  machines.   Here  again, 
logging  equipment  design  engineers  and 
foresters  need  estimates  of  the  cubic 
volume  and  the  weights  of  logging  residue, 
trees,  and  boles. 

Such  information  is  available  for 
spruce,  balsam  fir,  red  pine  and 
aspen.  ^'  */   gut  data  are  also  needed  for 
sugar  maple  and  other  dense  hardwoods  that 
are  being  increasingly  used  for  wood  chips. 
Because  sugar  maple  is  the  most  prevalent 
species  in  the  northern  hardwood  timber 
type,  we  recently  developed  the  data  re- 
ported here. 

THE  STUDY 

The  research  was  conducted  in  a  northern 
hardwood  sawtimber  stand  located  at  the  Ford 
Forestry  Center,  Michigan  Technological 
University,  Baraga  County,  Michigan.   Data 
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were  collected  from  137  sugar  maple  trees: 
58  of  pulpwood  size  and  79  saw  log  trees. 
The  sample  trees  ranged  from  5  to  24  inches 
d.b.h.  and  from  45  to  90  feet  in  total  height. 

Field  Procedure 

Each  tree  was  numbered  and  its  d.b.h. 
measured  to  the  nearest  0.1-inch.   Then  it 
was  carefully  felled  to  minimize  breakage 
and  loss  of  limbs.   Within  24  hours  after 
felling  all  portions  of  each  tree  were 
weighed  with  a  weight  transducer  mounted 
on  a  free-swing  sling  attached  to  a  fork- 
lift  (fig.  1). 

Pulpwood  trees  (trees  less  than  12  inches 
d.b.h.)  were  first  weighed  whole  by  sus- 
pending them  from  the  weight  transducer.   A 
point  was  marked  on  each  stem  directly  below 
the  apex  of  the  sling  as  the  center  of 
gravity.   Then  the  tree  was  limbed  and 
topped  to  a  4-inch  diameter  outside  the  bark; 
the  bole  was  suspended  again,  weighed,  and 
its  center  of  gravity  marked.   Pulpwood 
tree  diameters  were  measured  outside  the 
bark  to  the  nearest  0.1  inch  at  the  stump, 
at  2  and  4  feet  from  the  butt,  and  at  8-foot 
intervals  thereafter  to  a  top  diameter  of 
4.0  inches  outside  the  bark.   The  length  of 
any  residual  portion  of  the  bole  above  the 
last  8-foot  section  was  also  measured.   Total 
bole  length  from  the  butt  to  a  4-inch  upper 
diameter  point  was  recorded,  together  with 
length  of  the  entire  tree. 

Felled  saw  log  trees  (trees  12  inches 
d.b.h.  or  larger)  were  bucked  into  saw  logs 
to  a  10-inch  top  according  to  standard 
commercial  logging  practice.-^'   Each  of  the 
logs  and  bole  sections  and  the  top  of  each 
tree  were  weighed  to  the  nearest  0.5  pound. 
Center  of  gravity  was  not  established  for 
saw  log  trees. 


Official  grading  rules  for  northern 
hardwood  and  softwood  logs  and  tie  cuts. 
Northern  Hardwood  and  Pine  Manufacturers 
Association,   Inc.,   Green  Bay,    Wisconsin. 
1968. 


Figure  1. — Weighing  trees  and  boles. 


Each  log,  together  with  any  cull 
sections  within  the  merchantable  bole, 
was  scaled  with  the  Scribner  Decimal  C 
log  rule  to  obtain  both  gross  and  net 
board  foot  volume.   To  determine  the  cubic 
foot  volume  of  the  bole,  diameter  outside 
the  bark  and  bark  thickness  were  measured 
at  both  ends  of  each  log.   The  length, 
width,  and  butt  diameter  of  the  residual 
top  were  recorded. 

Analytic  Procedure 

The  cubic  foot  volume  of  the  boles 
(including  bark)  was  calculated  from  taper 
measurements. 

The  green  weight  per  cubic  foot  for 
each  bole  was  determined  by  dividing  its 
total  green  weight  by  its  calculated 
volume  in  cubic  feet.   The  weight  of  the 
entire  tree  including  the  residue  was  then 
divided  by  the  weight  per  cubic  foot  to 
obtain  the  approximate  cubic  foot  volume 
of  the  entire  tree. 

The  data  were  analyzed  separately 
for  pulpwood  and  saw  log  trees  because 
bole  length  was  defined  differently  for 
each  class  (4-inch  top  for  pulpwood  and 
10-inch  for  saw  logs)  and  because  center 
of  gravity  was  measured  only  for  pulpwood 


trees,  and  board  foot  volumes  apply  only 
to  saw  log  trees.   However,  tree  weight 
and  tree  cubic  foot  volume  measurements 
were  compatible  for  both  classes,  so 
regression  equations  for  tree  weight  and 
tree  cubic  foot  volume  were  obtained  for 
all  trees  combined. 

Both  sets  of  data  were  analyzed 
similarly.   Scatter  plots  were  made  of 
the  desired  dependent  variables  against 
the  various  probable  independent  variables. 
Promising  relations  were  selected  from 
the  scatter  plots,  studied  for  homogeneity 
of  variance,  and  further  explored  by  running 
various  weighted  regressions  and  step-wise 
regressions.   The  final  equations  were 
selected  according  to  goodness  of  fit, 
simplicity,  and  physical  logic;  preference 
was  given  to  those  variables  that  are 
normally  measured  in  timber  inventory  or 
are  easily  obtainable. 

For  sawtimber  trees,  two  equations 
for  residue  weight  per  M  board  feet  were 
selected,  one  with  bole  length  as  the 
independent  variable,  the  other  with  d.b.h. 
Although  bole  length  provided  a  better  fit 
with  a  smaller  standard  error  of  estimate, 
the  d.b.h.  equation  is  also  given  for  the 
use  of  the  field  forester  in  those  cases 
where  bole  length  is  not  taken  in  the  field. 


The  variance  in  weight  and  volume 
measurements  increased  as  the  diameter 
of  the  tree  increased  at  a  rate  of  approxi- 
mately (d.b.h.)^.  Therefore,  the  final 
equations  were  run  as  weighted  regressions 
with  a  weighting  factor  of  l/(d.b.h.)   to 
compensate  for  nonhomogeneity  of  tree 
weights,  tree  volumes,  bole  weights,  bole 
volumes,  and  residue  weights. 


RESULTS 
The  equations  that  resulted  from  this 
study  were  used  to  develop  the  tables  and 
charts  that  follow.   Although  all  this  in- 
formation has  various  potential  uses,  we 
particularly  commend  table  1  and  figures 
5,  6,  11,  and  12  to  foresters  and  tables 
2  and  3  and  figures  2  and  3  to  equipment 
designers. 
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Figure  2. — Center  of  gravity  of  pulpwood 
boles. 
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Figure  3. — Center  of  gravity  of  pulpwood 
trees. 
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Figure  A. — Residue  weight  of  pulpwood  trees. 
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Figure  5. — Residue  weight  of  sawtimber  by 
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Figure  6. — Residue  volume  of  sawtimber  by 
d.b.h. 
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Figure  7. — Residue  weight  per  thousand  board 
feet  of  saw  logs  produced  by  d.b.h. 


S°  400 

u 


■5  200 

o 


\ 

\ 

\ 

\ 

MAPLE  SAWTIMBER 

\  \ 
\  \ 

MEAN 

95  PERCENT  CONFIDENCE 

INTERVAL  ON  THE  MEAN 

\  \ 

\  \\ 

N    \\ 

\\\ 

\\x 

\\\ 

/ 

N\\ 

/ 

\ 

\ 

^^ 

/ 
/ 

/      y 

y      / 

y       y^ 

_ 

-y        y 

RESIDUE  VOLUME/MBF 

=  1650  12- 

-"""■"" 

157  012(DBH)  +  3.977(DBH)2 

iilii 

SEE   =  82  209 

1               1 

15      17      19 
DBH  (INCHES) 


Figure  8. — Residue  volume  per  thousand  board 
feet  of  saw  logs  produced  by  d.b.h. 
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Figure  9. — Residue  weight  per  thousand 
board  feet  of  saw  logs  produced  by 
bole   leyigth. 
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Figure  10. — Residue  volume  per  thousand 
board  feet  of  saw  logs  produced  by 
bole   length. 
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Figure  11. — Residue  volume  of  sawtimber 
based  on  butt  diameter  of  the  top. 
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Figure  12. — Residue  weight  of  sawtimber 
based  on  butt  diameter  of  the  top. 


Table  1. — Tree  weight  and  tree  volume  by  d.b.h.   and  tree  height    (95 
percent  confidence  intervals  on  the  mean  and  individual  estimates) 
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20 

4,053.4 

(±104.6 

[±1,229.4 

74.14 
)    (±1.90) 
1 [±22.35] 

4,724.6 

±123.9 

+1,231.2 

86.54 
)    (+2.24) 
] [+22.37] [ 

5,395.8 

(+143.2 
+1,233.3 

98.95 
(+2.60) 

[+22.42] 

6,067.0 

(+162.6 

[±1,235.7 

111.35 

(±2.95) 

[±22.461 

21 

4,446.2 

(+116.5 

[±1,355.5 

81.77 
)     (+2.11) 
] [+24.64] 

5,206.2 

(+137.8 

+1,357.4 

95.44 
)    (+2.50) 
] [+24.67] [ 

5,946.2 

(+159.1 

+1~359.8 

109.12 

(±2.89) 

[±24.72] 

6,686.2 

(+180.5 

[±1^362.5 

122.80 

(+3.28) 

[±24.771 

22 

4,899.1 

(+128.9 

[±1~487.7 

89.77        5,711.3 
)    (+2.34)      (±152.5 

] [+27.05] [±1,490.0 

104.78 
)    (+2.77) 
] [+27.08] [ 

6,523.4 

(+175.8 

+1,492.5 

119.79 

(+3.19) 

[+27.13] 

7,335.6 

(±199.3 

[  +  1  ,495.5 

134.80 

(+3.62) 

[±27.19] 

23 

6,239.8 

(±167.5 

+1,628.6 

114.55 
)    (+3.05) 
] [+29.61  ]  [ 

7,127.5 
(+193.3 

+1,631.4 

130.95 

(±3.51) 

[+29.65] 

8,015.2 

(+219.0 

[+1,634.7 

147.35 

(+3.97) 

[+29.711 

24 

6,791.9 

(+183.5 

±1,773.4 

124.75 
)    (±3.33) 
] [±32.24] [ 

7,758.4 

(+211.5 

±1,776.5 

142.61 

(±3.84) 

[+32.29] 

8,725.0 

(+239.6 

[  +  1  ,780.1 

160.47 

(+4.35) 

[±32.251 

1  Numbers  in  parent 
'  Numbers  in  bracke 


heses  are  confiden 
ts  are  confidence 


ce  interv 
interval 


al  on 
on  th 


the  mean, 
e  individual  estimates. 


iasic  equations: 

Tree  weight  =  26.21  +  0.1678  (d.b.h.)"  (tree  height) 

S.E.E.  =  1.56  (d.b.h.)2  , 

Tree  volume  =  -0.283  +  0.0031  (d.b.h. )   (tree  height) 

S.F..E.  =  0.0284  (d.b.h.  ) J 


Table  2. — Pulpwood  tree  bole  weight  and  bole  volume  by  d.b.h.    and  bole 
length   (95  percent  confidence  intervals  on  the  mean) 


Bole  length  (feet) 


D.b.h. 


10 


20 


30 


40 


50 


60 


Weight  :  Volume  :  Weight  :  Volume  :  Weight  :  Volume  :  Weight  :  Volume  :  Weight  :  Volume  :  Weight  :  Volume 


Pounds         Ft.0         Pounds         Ft.3    Pounds         FtT7 
90.74     1.36   136.69     2.18   182.64     2.99 
(17.82)1  (±0.13)   (±7.15)   (±0.12)   (±6.68)   (±0.11) 


'■'-■'-a'**-  *  *"  -«-umv-         »         i'V*[,IIL  .  Ti-J  J    UUIC  .         nCl^HL  .  VUi.  ILLUt: 

Pounds         Ft.6         Pounds         Ft.6         Pounds         Ft.** 


110.96 
(±7-50) 


1.72 

CO. 13) 


177.13 
(±6.73Jl 


2.89 
(±0-11) 


243.29 
(±6.43) 


4.07 


309.46 
(±6.70) 


5.24 

(±0.11) 


134.85 


2.14 
(±0.12) 


224.91 
(±6.46) 


3.74 
(±0.11) 


314.98 
(±6.76) 


5.34 


405.04 
(±7.94) 


6.94 
±0.14) 


162.42 


193.67 
(±6.60) 


2.63 

(*o-ii> 


3.19 
(±0-11) 


280.05 


342.55 
(±7.04) 


4.72 
(±0-11) 


397.69 
(±7.82) 


5.83 
(±0.12) 


491.42 
(±9.61) 


6.81   515.32 
(±0.13)  (±10.14) 


8.47   640.30 
(±0.16)  (±13.13) 


8.90   632.95 
(±0.18)  (±12.95) 


10.98 
(±0.22) 


11.11   789.18 
(±0.22)  (±17.01) 


13.76 
(±0.29) 


10 


412.39 
(±8.06) 


7.07 
(±0.14) 


596.19 
(±12.04) 


10.33   779.99 
(±0.20)  (±16.77) 


13.59   963.79 
(±0.28)  (±21.77) 


16.86  1,147.59   20.12 
(±0.37)   (±26.89)  (±0.46) 


11 


489.59     8.44   711.98    12.39   934.38 

(±9.58)   (±0.16)  (±14.97)   (±0.26)  (±20.96) 

1  Numbers  in  parentheses  are  confidence  limits  on  the  mean. 


16.33  1JL56.78 
(±0.35)  (±27.15) 


20.28 
(±0.46) 


1,379.18   24.23 
(±33.43)  (±0.57) 


Basic  equations: 

Bole  weight  =  44.79  + 


0.1838  (d.b.h. )i    (bole  length) 


S.E.E.  -  0.514  (d.b.h.)'' 
Bole  volume  =  0.546  +  0.00326  (d.b.h.)   (bole  length) 
S.E.E.  -  0.0087  (d.b.h.)2 


Table  3. — Sawtimber  tree  bole  weight  and  bole  volume  by  d.b.h.    and 
bole   length   (95  percent  confidence  intervals  on  the  mean) 


Bole  length    (feet) 


16 


24 


32 


40 


48 


56 


Height    :    Volume    :   Weight    :   Volume    :   Weight    : 


Pounds         FtT7 
460.9  8.60 

(±65.5)!     (±1.08) 


Volume 
Ft.' 
16.54 

(±0.82) 


Weight  :  Volume  :  Weight 


Volume 
Ft.-3 
24.48 

(±0.69) 


Weight    :  Volume 
Pounds         Ft. 3 


Weight    :    Volume 


Pounds 
678.1 
(±58.5) 


Ft.6         Pounds 

12.57  895.4 

(±0.96)      (±52.2) 


Pounds 

1,112.7 

(±46.7) 


1,263.5 
(±43.6) 


Ft.6 
20.51 

(±0.76) 


13T5T 

(±0.72) 


Pounds 
1,329.9 
(±42.5) 


Pounds Ft.6 


1,518.5 
(±40.1) 

1,722.5 


27.93 
(±0.66) 
31.65) 


498.6 
(±64.3) 


9.29 
(±1.06) 


753.6 
(±56.2) 


13.95 

(±0.92) 


008.5 
49.1) 


18.61 
(±0.81) 


2,017.9 
(±41.1) 

2,280.5 
(±45.6) 


1 4 


835.0 
(±53.8) 


15.44 
(±0.89) 


,130.8 
(±46.3) 


20.84 
(±0.76) 


1,426.5 
(±41.1) 


26.25 
(±0.68) 


29.45 
(±0.65) 


(±39.2)      (±0.64) 


1,941.0 

(±40.3) 
2,174.9 


35.65 
(±0.66) 
39.93 


37.06 
(±0.68) 


922.5 

(±51-4) 


17.04 
(±0-85) 


,262.0 
±43.7) 


23.24 
(±0-71) 


1,601.5 
(±39.5) 


32.87 
(±0.65) 


2,561.1 
(±52.5) 

2,859.8 
(±61.4) 


41.86 
(±0.75) 


16 


1,016.1 

(149.0) 


18.75 
(±0.81) 


,402.3 

(141.4) 


25.81 
(±0.68) 


1,788.6 
(±39.3) 


(±43.6)      (±0.72) 


2,423.8 

(±48.9) 


44.48 
(±0.81) 


46.99 
(±0.87) 


1,115.7 
(±46.7) 


20.57 
(±0-77) 


,551.7 
(±39.9) 


28.54 
(±0.66) 


1,987.8 
(±40.8) 


36.51 
(±0.67) 


40.37 
(±0.72) 


7768T^" 
(±56.1) 


49.30 
(±0.92) 


3,176.7 
(±72.1) 

3,511.6 
(±84.1) 


52.45 
(±1.01) 


18 


,710.1 
(±39.2) 


31.43 
(±0.64) 


2,199.0 
(±44.0) 


2,967.0 
(±65.0) 


54.40 
(±1.06) 

59.78 
(±1.23) 


58.24 
(±1.19) 


3,665.5 

(±89.8) 


67.17 
(±1-47) 


19 


,877.6 
±39.8) 


34.49 
(±0.65) 


2,422.3 
(±48.9) 


44.45 
(±0.80) 


3,261.2 
(±75.1) 


1,564.7 
(±97.3) 


64.36 
(±1.38) 


4,056.3 
(±104.7) 


74.31 
(±1.72) 


,054.1 
(±41.6) 


37.72 
(±0.68) 


2,657.7 
(±55.3) 


48.75 
(±0.91) 


53.27 
(±1.03) 


3,570.5 

(±86.3) 

3,894.9 


65.43 
(±1.41) 
71.36 


70.81 
(±1.60) 


4,468.2 
(±120.7) 


81.84 
(±1.98) 


,239.7 
(±44.7) 


41.11 
(±0.73) 


2,905.1 
(±62.9) 


58.02 
(±1.18) 


4,235.9 
(±1U.7) 


77.60 
(±1.84) 


4,901.3 
(±137.9) 


89.76 
(±2.27) 


,434.4 

(^9.2) 


44.67 
(±0.81) 


3,164.6 
(±71.6) 


62.98 
(±1.34) 


(±98.5)      (±1.61) 


"4,234.4 
(±111.6) 


77.57 
(±1.83) 

84.05 
(±2.06) 


4,625.1 
(±126.9) 


84.71 
(±2.08) 


5,355.4 

(±156.1) 


98.06 
(±2-57) 


23 


3,436.2 
(±81.3) 


68.16 
(±1.50) 


4,588.9 
(±125.5) 


5,032.5 
(±143.1) 


92.17 
(±2-37) 


5,830.7 
(±175.3) 


106.74 
(±2.88) 


24 


1   Numbers   In  parentheses  are  confidence   interval  on  the 


3,719.9 
(±91.9) 


5,458.0 

(±160.2) 


99.93 

(±2.63) 


6,327.1 

(±195.5) 


115.82 
(±3-21) 


Basic  equations: 
Bole  weight 

S.E.E. 
Bole  volume 

S.E.E. 


243.59  +  0.1886  (d.b.h.) 
0.710  (d.b.h.)2 
4.630  +  0.00345  (d.b.h.)' 
0.0117  (d.b.h.)2 


(bole  length) 
(bole  length) 
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BIOMASS  ESTIMATION  FOR 
FIVE  SHRUBS  FROM  NORTHEASTERN  MINNESOTA1 

Lewis  F.  Ohmann,  David  F.  Grigal,  and  Robert  B.  Brander 


APPL  I  CAT  I  0 


Land  managers  and  wildlife  biologists 
sometimes  need  to  determine  the  above-ground 
biomass  of  shrubs  or  the  amount  of  shrub 
browse  available  for  wildlife. 

We  have  developed  a  series  of  values 
for  use  in  an  equation  to  predict  biomass 
for  five  shrubs,  green  alder  (Alnus  crispa) , 
beaked  hazel  (Corylus  cornuta) ,  juneberry 
(Amelanchier    spp.)>  willow  (Salix   spp.),  and 
mountain  maple  (Acer  spicatum)   which  are 
common  in  northeastern  Minnesota.   The  val- 
ues and  equation  can  be  used  to  estimate 
the  following:   (1)  biomass  of  leaves,  (2) 
biomass  of  current  year's  twigs,  (3)  bio- 
mass of  stems,  and  (4)  total  biomass  of  the 
above-ground  parts.   These  biomass  estimates 
could  be  used  to  predict  available  summer 
browse  (leaves)  and  winter  browse  (current 
twigs)  for  deer  and  moose. 

The  values  and  equation  are  best  used 
to  predict  shrub  biomass  in  regenerated 
clearcuts  because  the  data  were  obtained 
from  such  areas.2  But  even  in  nonclearcut 
areas,  predictions  from  this  equation  - aoulc 


xThis  report  is  published  in  coopera- 
tion with  the  Minnesota  Agricultural  Exper- 
imentation Station  of  which  this  is  Scien- 
tific Journal  Series  Number  9468. 

2An  exception  are  the  data  for  moun- 
tain maple  which  were  gathered  from  a  ma- 
ture forest  community. 


be  reasonably  accurate  so  long  as  the  shrub 
measurements  described  below  fall  within  the 
ranges  listed  in  table  1. 


HOW  TO  USE  THE  VALUES  AND  EQUATION 

To  predict  any  of  the  four  kinds  of 
biomass  listed  above,  you  can  use  any  one 
of  four  different  shrub  measurements  : 

(1)  Plant  height,  cm  (measure  height 
to  nearest  15  cm) . 

Crown  area,  cm^  (measure  to  nearest 
15  cm  the  maximum  crown  diameter 
and  the  diameter  90  degrees  to  it; 
compute  area  of  crown  using  for- 
mula A  =  I   (dx)  (d2). 
Stem  diameter,  by  1-cm  classes 
(measure  diameter  at  15  cm  above 
ground  and  assign  to  nearest  class; 
1-cm  class  includes  0.5  to  1.4  cm). 
Stem  diameter,  cm  (measure  diameter 
to  nearest  0.25  cm,  15  cm  above 
the  ground) . 


(2) 


(3) 


(4) 


Suppose,  for  example,  that  you  want  to 
know  the  biomass  (in  grams)  of  this  year's 
twigs  on  a  single  stem  of  green  alder.   To 

^'Predictions  using  stem  diameter  will 
be  8 lightly  more  accurate   (higher  R 
values)  but  other  measurements,   such  as 
plant  height,   are  easier  to  make  and  are 
sufficiently  accurate  for  many  applica- 
tions. 


Table  1. — Ranges  of  shrubs  measurements   (x's)  within  which  biomass 
predictions  should  be  accurate 


Shrub 
species 

:          Acce 

ptable  range  of  shrub  measurements 

(x's) 

Plant  height 

:   Crown  area   : 

Stem  diameter 

:   Stem  diameter 

classes 

Cm 

Cm* 

Cm 

Cm 

Mountain  maple 

91  -  366 

182  -  45,969 

0.5  -  3.5 

0.6  -  3.2 

Green  alder 

91  -  290 

182  -  6,384 

.5  -  2.5 

.6  -  2.1 

Beaked  hazel 

91  -  213 

182  -  5,108 

.5  -  2.5 

.6  -  2.3 

Juneberry 

91  -  274 

182  -  7,661 

.5  -  1.5 

.5  -  1.9 

Willow 

91  -  305 

365  -  19,154 

.5  -  3.5 

.7  -  3.8 

predict  this  you  need  to  take  any  one  of 
the  four  measurements  listed  above,  for 
example  number  4 — stem  diameter.   Suppose 
the  stem  measured  1.5  cm  in  diameter.   First 
you  check  table  1  to  see  if  1.5  cm  falls 
within  the  acceptable  range  (0.6  -  2.1) 
which  it  does.   Then  substitute  1.5  for  x 
in  the  equation  Y  =  ax". 


"Current  year's  twigs."  You  will  find  that 
a   =  5.147  and  b   =   1.184.   When  we  substitute 
the  values  for  Xj  a,    and  b   in  the  equation, 
we  get 

Y  =  axb 

Y  =  (5.147)(1.5)1-184 


Next  look  up  the  value  of  a   and  b   in 
table  2.   First  run  down  the  table  to  the 
section  labeled  "USING  STEM  DIAMETER  AS  x" , 
find  the  "green  alder"  row,  and  look  for  the 
a   and  b   values  under  the  column  headed 


Solving  for  the  twig  biomass  (Y)  is 
most  easily  done  with  logarithms. 
(1)  First  find  the  natural  logarithm  of  1.5 
either  from  tables  or  directly  on  some 


Table  2. — Values  of  a  and  b  for  substituting  in  regression  equation 

Y  =  aar  to  predict  biomass 


USING  PLANT  HEIGHT  AS  x 


Shrub  spec 

ies 

Tyr. 

e  of  biomass 

:     Total 

Leaves 

:   Current  year 

's  twigs 

:   Sten 

:   aboveground 

:     parts 

Mountain 

a 

2.856E- 

05 

2.639E- 

03 

4.134E- 

05 

1.747E-05 

maple 

b 

2.599 

1.409 

2.835 

3.047 

Green 

a 

2.746E- 

03 

1.739E- 

03 

6.818E- 

03 

1.899E-03 

alder 

b 

1.738 

1.600 

1.806 

2.120 

Beaked 

a 

— 

3.268E- 

03 

2.089E- 

05 

2.791E-04 

hazel 

b 

— 

1.373 

2.980 

2.520 

Juneberry 

a 

6.124E- 

04 

3.041E- 

04 

1.989E- 

03 

2.009E-03 

b 

1.998 

1.982 

2.067 

2.096 

Willow 

a 

2.770E- 

05 

1.875E- 

05 

1.011E- 

05 

1.303E-05 

b 

2.735 

2.571 

3.163 

3.175 

Mountain 

a 

0.0115 

0.3046 

0.0132 

0.0071 

maple 

b 

.8834 

.3215 

1.064 

1.138 

Green 

a 

.2869 

.2674 

1.590 

1.373 

alder 

b 

.5858 

.4496 

.5354 

.5937 

Beaked 

a 

— 

.3504 

.8201 

— 

hazel 

b 

— 

.2888 

.5770 

— 

Juneberry 

a 

.0428 

.0819 

.7513 

.2786 

b 

.7849 

.6072 

.6250 

.7641 

Willow 

a 

.0084 

.0047 

.0157 

.0115 

b 

1.025 

.9590 

1.109 

1.166 

USING 

STEM  CLASS  AS  x 

Mountain 

a 

12.69 

3.581 

47.88 

64.38 

maple 

b 

1.818 

0.6826 

2.486 

2.320 

Green 

a 

19.78 

5.788 

56.96 

82.35 

alder 

b 

.6824 

.6727 

1.052 

1.038 

Beaked 

a 

— 

2.486 

40.10 

66.16 

hazel 

b 

— 

.3646 

0.5878 

0.6363 

Juneberry 

a 

15.40 

6.303 

64.14 

82.93 

b 

.7386 

1.128 

1.204 

0.9507 

Willow 

a 

28.39 

6.577 

56.77 

99.96 

b 

1.362 

1.602 

2.266 

1.936 

USING  ! 

STEM  DIAMETER  AS  x 

Mountain 

a 

11.13 

3.244 

40.94 

52.09 

maple 

b 

2.123 

.9149 

2.781 

2.724 

Green 

a 

13.97 

5.147 

43.94 

55.45 

alder 

b 

1.682 

1.184 

2.214 

2.409 

Beaked 

a 

— 

2.371 

38.57 

54.10 

hazel 

b 

— 

.7265 

1.582 

1.229 

Juneberry 

a 

13.34 

5.923 

50.63 

64.18 

b 

1.547 

1.685 

2.547 

2.322 

Willow 

a 

21.59 

5.823 

56.09 

87.79 

b 

1.686 

1.789 

2.208 

1.981 

of  the  new  electronic  calculators. 
)  Multiply  the  log  of  1.5  (0.4055)  by  b 
and  find  the  antilog  of  that  product. 
The  product  is  0.4801  and  the  antilog 
is  1.616. 

)  Then  multiply  the  antilog  by  a    (5.147  x 
1.616)  to  obtain  the  value  of  Y,  cur- 
rent year's  twig  biomass,  8.32  g.   The 
steps  are  as  follows: 

)  log  1.5  =  0.4055,  substituting  in  the 
above  equation  we  get 

)  Y  =  (5.147) (antilog  of  (0.4055) (1. 184)) 
=  (5.147) (antilog  of  0.4801) 


(3)   =  (5. 147)(1.616) 
=  8.32  grams 

This  value  will  be  the  same  for  each  green 
alder  stem  with  a  diameter  of  1.5  cm  so 
that  the  calculation  needs  to  be  made  only 
once  for  that  diameter  of  green  alder  stem. 

If  you  wish  to  determine  biomass  or 
browse  biomass  per  acre  or  other  unit  of 
area,  a  sampling  scheme  using  units  such 
as  milacre  plots  can  be  devised  to  deter- 
mine number  and  size  of  shrubs.  Multi- 
plying the  mass  (Y)  from  the  above  equation 
by  the  number  of  shrub  stems  of  each  size 
and  species  on  a  certain  area  would  yield 
the  total  mass  of  the  stems  of  the  species. 
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Indirect  estimation  of  biomass  of  the 
shrub  component  of  plant  communities  is  be- 
coming increasingly  important  in  forest 
ecology  and  wildlife  habitat  research 
(McKell  et  al.    1972).   Equations  have  been 
developed  for  estimating  total  biomass  or 
biomass  of  some  parts  of  boreal  forest 
shrubs.   Many  of  these  equations  either  are 
based  on  dependent  and  independent  varia- 
bles that  are  measured  in  a  variety  of  ways, 
or  are  designed  to  predict  some  aspect  of 
biomass  that  is  uniquely  defined,  or  both. 

Peek  (1970)  evaluated  the  relations  of 
plant  height,  canopy  cover,  shrub  volume, 
and  number  of  twigs  to  twig  biomass  produc- 
tion in  beaked  hazel  (Corylus  aornuta   Marsh.) 
and  willow  (Salix  discolor   Muhl.).   For 
hazel,  the  independent  variable,  canopy 
cover,  was  defined  as  the  cross  sectional 
area  of  a  clone  of  stems  rather  than  the 
area  of  individual  plant  crowns.   The  de- 
pendent variable,  twig  biomass,  was  leaves 
and  current  year's  twig  growth.   Tappeiner 
and  John  (1973)  presented  prediction 
equations  for  estimating  total  biomass  and 
that  of  three  components  (leaves,  aerial 
stems,  and  underground  parts)  of  hazel  per 
unit  land  nrea.   Two  of  the  independent 
variables  used  in  their  equations  were 
shrub  basal  area/M  ,  derived  from  stem  dia- 
meter at  30  cm  above  ground,  and  number  of 
stems/ha. 

Lyon  (1968)  related  twig  production  in 
juneberry  (Arrtelanchier   Medic.)  to  crown 
volume.   The  dependent  variable  in  the  equa- 
tions was  current  year's  twig  growth  (exclu- 
sive of  leaves)  of  individual  plants. 
Shafer  (1963)  reported  a  twig-count  method 
to  determine  weight  per  unit  area  of  avail- 
able and  utilized  winter  browse,  based  on 
the  average  diameter  at  the  point  of  brow- 
sing for  an  unbiased  sample  of  twigs  of 
several  species.   Telfer  (1969)  presented 
prediction  equations  for  twig  weights  based 
on  twig  diameters  at  point  of  browsing  for 
each  of  22  species  of  plants. 

We  recently  described  changes  in  bio- 
mass from  mid-June  through  early  December 
for  five  shrub  species  from  northeastern 
Minnesota  (Ohmann  et  al.    in  press).   In  the 
present  report  we  further  examine  a  portion 
of  those  data  to  develop  prediction  equa- 
tions for  total  aboveground  biomass  and  for 
biomass  of  certain  parts  of  shrubs.   Some 


of  the  relations  we  examine  are  between 
commonly  measured  parameters  in  forest  eco- 
logy and  wildlife  habitat  studies  thus  the 
equations  we  present  could  also  be  used  to 
predict  biomass  using  data  from  past  habitat 
studies  in  northeastern  Minnesota. 


METHODS 

Data  Collection 

Five  shrubs,  mountain  maple  (Acer 
spicatum   Lam.),  green  alder  (Alnus  crispa 
(Ait.)  Pursh.),  juneberry  (Amelanchier   spp. 
Medic),  beaked  hazel  (Corylus   aornuta 
Marsh.),  and  willow  {Salix   spp.L.),  were 
sampled  at  about  2-week  intervals  from  15 
June  through  8  December  1971  (Ohmann  et  al. 
in  press) .   Nine  stems  of  each  shrub  were 
cut  at  ground  level  and  randomly  collected 
on  each  of  the  13  sample  dates  (12  for  wil- 
low) .   Even-aged  stems  of  all  shrubs  except 
maple  were  collected  from  a  1-hectare  clear- 
cut  having  homogenous  soils  and  topography. 
Mountain  maple  was  collected  from  a  similar 
area  in  a  nearby  uncut  forest  and  was  also 
nearly  even-aged  (Ohmann  et  al.    in  press) . 

For  each  stem  we  recorded:   height 
above  ground  (p.1  ant  height),  length  of 
crown  (crown  depth)  ,  maximum  crown  diameter 
and  diameter  at  right  angles  to  it  (to  com- 
pute crown  area)  ,  two  measures  of  stem  dia- 
meter at  15  cm  above  ground  (diameter  class 
and  stem  diameter) ,  stem  diameter  at  crown 
base  (base  diameter) ,  stem  length,  and  num- 
ber of  annual  rings  at  the  stem  base. 
Plant  height,  crown  depth,  and  diameter 
used  to  compute  crown  area  were  measured  to 
the  nearest  15  cm;  diameter  class  to  the 
nearest  centimeter;  stem  diameter  and  base 
diameter  to  the  nearest  0.25  cm;  and  stem 
length  to  the  nearest  3  cm.   All  the  above 
parameters  are  hereafter  referred  to  as 
predictor  variables. 

Leaves,  current  year's  twig  growth, 
last  year's  twig  growth,  stem,  fruits,  and 
buds  were  all  separated.   Each  component 
was  bagged,  dried  at  75°  for  a  minimum  of 
48  hours,  and  its  mass  was  determined  to 
the  nearest  0.01  gram.   The  five  biomass 
variables  analyzed  were  leaves,  this  year's 
twigs,  last  year's  twigs,  stem  (excluding 
fruits  and  buds) ,  and  total  aboveground 
mass  (including  fruits  and  buds) . 


We  sampled  stems  throughout  the  grow- 
ig  season  and  into  the  early  winter  dor- 
int  period.   Therefore,  phenological  de- 
;lopment  differed  over  the  entire  sample 
;riod.   Only  data  collected  on  five  sample 
ites  (7  July  through  1  September  when 
iture  leaves  were  present)  were  used  to 
camine  the  relations  involving  leaf  bio- 
iss  and  total  aboveground  biomass.   Data 
:om  10  collection  dates  (21  July  through 
December)  were  used  to  examine  relations 
wolving  this  year's  twig,  last  year's 
jig,  and  stem  biomass.   This  was  the  per- 
)d  during  which  twig  elongation  was  es- 
mtially  complete  (Ohmann  et  al .  in  press). 


Data  Analysis 

We  first  analyzed  five  biomass  var- 
ibles  and  eight  predictor  variables  for 
ich  of  the  five  species.   To  determine 
lich  combinations  of  single  variables  would 
Leld  useful  prediction  equations,  and  to 
lin  insight  as  to  the  appropriate  form  of 
ie  equation,  we  screened  all  possible  sin- 
Le  combinations  using  four  functional 
slations  (Crow  1971) .   A  regression  was 
ilculated  for  each  combination  of  biomass 
id  predictor  variable  for  each  species 
sing  four  equations  in  their  linearized 
arm: 

Linear  Y=  A  +  BX       (1) 

Exponential     Y=  Ae  BX 

lnY=  InA  +  BX  (2) 
Allometric      Y=  AXB 

lnY=  InA  +  B  lnX  (3) 
Hyperbolic      Y=  X/(A  +  BX) 

1/Y=  B  +  A  (1/X)    (4) 


To  assess  the  resulting  800  regres- 
Lons,  we  first  compared  the  results  from 
ich  of  the  four  models.   The  index  of  fit, 
",  is  a  poor  criterion  for  comparing  and 
goosing  between  regression  models  with  dif- 
srent  dependent  variables.   Hafley  (1969) 
Jid  Furnival  (1961)  suggest  the  use  of  a 
aximum  likelihood  function  as  an  alterna- 
Ive  means  of  comparing  models.   Because 
B  were  more  interested  in  selecting  a  sin- 
Le  model  for  suitable  predictions  based 
l  the  many  possible  relations  between  pre- 
Lctor  and  biomass  variables  for  all  five 


species,  rather  than  the  best  model  for 
each  specific  relation,  we  used  the  simpler 
measure  of  relative  error,  e,  (Syx/Y) 
(Whittaker  and  Woodwell  1968)  to  evaluate 
the  four  functions. 


The  relative  error  estimate  is  anal- 
ogous to  the  coefficient  of  variation,  thus 
a  value  of  0.10  for  e   suggests  an  expected 
error  for  a  given  estimate  of  Y  of  +  10 
percent  at  X  (Whittaker  and  WoodwelT  1968) . 
Relative  error  has  another  advantage  over 
the  traditional  index  of  fit,  R2;  it  is  not 
sensitive  to  scale,  so  it  is  a  suitable 
criterion  for  comparing  results  based  on 
data  such  as  these  (table  1)  that  vary  con- 
siderably in  size.  We  examined  the  relative 
error  associated  with  regressions  of  all 
combinations  of  a  predictor  and  a  biomass 
variable,  using  each  of  the  four  functions 
derived  from  the  linearized  form.   However, 
we  calculated  e   after  transforming  the  var- 
iables back  to  their  original  form.   To 
further  evaluate  the  models  we  plotted  the 
residual  sums  of  squares  for  a  number  of 
regressions  to  determine  if  there  were  sig- 
nificant trends  away  from  the  best-fit  re- 
gression line. 


After  the  functional  form  of  the  equa- 
tion was  chosen,  we  selected  predictor  and 
biomass  variables  that  either  showed  the 
best  relation  based  on  relative  errors,  or 
that  were  of  particular  interest  to  our 
study.   The  data  were  then  re-analyzed  using 
an  iterative  nonlinear  least  squares  tech- 
nique to  derive  the  prediction  equations. 


RESULTS  AND  DISCUSSION 

Basic  Data 

Our  equations  are  most  suitable  as  pre- 
dictors for  other  data  sets  when  the  size 
ranges  of  those  sets  fall  within  the  size 
ranges  of  our  variables  (table  3). 

Crown  area  varied  (as  measured  by  stan- 
dard deviation)  more  than  most  of  the  other 
predictor  variables,  and  also  showed  the 
greatest  difference  within  species  when 
data  from  5  sampling  dates  were  compared  to 
those  from  10  dates  (table  3) .   The  varia- 
tion in  crown  area — as  well  as  that  in  the 
other  variables — results  in  part  from  biomass 
changes  in  these  shrubs  over  the  growing 
season  (Ohmann  et  al .  in  press).   Even 
though  these  changes  are  somewhat  obscured 


when  the  data  are  "blocked"  over  time  per- 
iods in  the  analyses,  they  probably  contri- 
bute to  the  variability  (high  relative  and 
standard  errors)  of  the  resulting  equations. 
On  the  other  hand,  most  extensive  surveys 
of  vegetation  or  browse  require  sampling 
over  much  of  the  growing  season  (or  winter) . 
So  the  extent  to  which  seasonal  change  in 
biomass  is  included  in  our  analyses  (because 
of  the  long  sampling  period)  may  make  our 
equations  more  applicable  to  such  extensive 
vegetation  surveys. 
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Selection  of  Equation  Form 
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The  relative  errors  associated  with 
the  800  linearized  equations  indicated  that 
the  linear  and  allometric  forms  were  supe- 
rior to  the  exponential  and  hyperbolic  forms 
for  describing  relations  between  predictor 
and  biomass  variables.   For  each  species  we 
ranked  the  four  functions  (1  through  4, 
lowest  to  highest)  according  to  relative 
error  associated  with  each  predictor-bio- 
mass  regression.  These  rankings  were  av- 
eraged for  all  species — a  total  of  200  ranks 
for  each  function.  The  resulting  average 
ranks  in  ascending  order  were:   linear 
(1.2),  allometric  (2.2),  exponential  (2.7), 
hyperbolic  (3.9). 


We  expected  the  linear  function  to 
perform  better  than  the  other  functions  in 
describing  some  relations  (e.g.,  that  be- 
tween last  year's  twig  biomass  and  number 
of  annual  rings) ,  but  we  did  not  expect  the 
linear  function  to  give  a  consistently  small 
(in  terms  of  relative  error)  but  better  de- 
scription of  the  relations  for  almost  all 
variables.  We  selected  the  allometric  func- 
tion to  derive  the  prediction  equations  be- 
cause:  (1)  its  relative  errors  were  very 
close  to  those  of  the  linear  function;  (2) 
it  is  widely  accepted  for  estimating  biomass 
where  a  curvilinear  trend  is  expected  as  the 
predictor  variable  increases. 

Selection  of  Predictor  Variables 
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Stem  diameter  was  the  best  predictor 
of  biomass.   For  each  species  the  eight 
predictor  variables  were  ranked  one  through 
eight  from  the  lowest  to  highest  relative 
error  associated  with  each  combination  of 
variables.   The  rank  of  each  predictor  var- 
iable was  then  averaged  for  all  species. 


hThe  linear  function  could  aleo  have 
been  ueed  for  further  analyses   (Ovington 
et  al.  1967.   Post  1970). 


e  resulting  average  rank  in  ascending 
der  was  stem  diameter  (3.2),  plant  height 
.4),  stem  length  (3.6),  crown  area  (3.7), 
se  diameter  (3.7),  crown  depth  (5.0), 
ameter  class  (6.1),  and  annual  rings 
.4).   The  rankings  were  very  similar  for 
untain  maple,  willow,  and  green  alder; 
e  ranking  for  juneberry  was  more  similar 

those  three  species  than  to  beaked  hazel 
ich  had  much  different  rankings.   If  hazel 

excluded  from  the  calculations,  average 
nk  of  relative  error  becomes  stem  diameter 
.9),  base  diameter  (3.0),  crown  area 
.3),  plant  height  (3.7),  stem  length 
.1),  crown  depth  (5.2),  diameter  class 
.3),  and  annual  rings  (7.6). 

Some  of  the  predictor  variables  are 
osely  related — such  as  those  in  each  of 
e  following  groups:   base  diameter,  stem 
ameter,  and  diameter  class;  stem  length 
d  plant  height;  and  crown  area  and  crown 
pth.   We  decided  to  continue  the  analyses 
th  the  diameter  measures  taken  at  15  cm 
ove  ground  because  they  could  be  applied 
re  consistently  in  the  field.   Plant 
ight  rather  than  stem  length  was  retained 
cause  it,  too,  could  be  more  readily  meas- 
ed  in  the  field.   Crown  area  was  retained 
cause  Peek  (1970)  suggested  its  use  as  an 
direct  measure  of  biomass  for  beaked  hazel 
d  willow.   Finally,  diameter  class  had 
en  used  in  recent  vegetation  surveys  in 
e  area  (Ohmann  and  Ream  1971,  Ohmann  et 
1973)  and  was  of  particular  interest 
us,  so  it  was  retained  although  its  rel- 
ive error  was  higher  than  in  most  of  the 
her  predictor  variables.   Crown  depth  and 
nual  ring  count  were  eliminated  from  fur- 
er  analysis. 


were  to  beaked  hazel,  which  had  a  different 
average  ranking  of  errors.   If  beaked  hazel 
is  excluded  from  the  average,  the  order  be- 
comes stem  (2.0),  leaf  (2.4),  total  above 
ground  (2.5),  this  year's  twig  (3.2),  and 
last  year's  twig  biomass  (4.4). 

Because  the  average  ranking  of  relative 
error  for  last  year's  twig  biomass  was  high 
in  comparison  to  the  other  variables,  and 
because  it  seemed  a  less  important  component 
to  consider  separately,  it  was  dropped  from 
further  analysis. 

After  screening  we  retained  four  bio- 
mass variables  (leaf,  this  year's  twig, 
stem,  and  total  aboveground  biomass)  and 
four  predictor  variables  (plant  height, 
crown  area,  diameter  class,  and  stem  diam- 
eter) for  further  analysis. 


Prediction  Equations 

All  of  the  prediction  equations,  except 
a  few  for  hazel,  accounted  for  statistically 
significant  (0.05  level)  amounts  of  varia- 
tion in  the  dependent  variable.   The  equa- 
tion parameters  along  with  their  associated 
R^'s  and  standard  errors  of  estimate  are 
presented  in  table  4.   The  index  of  fit, 
R  ,  is  appropriate  for  use  in  comparing  data 
for  the  same  dependent  variable  in  table  4. 
A  correction  factor  for  bias  due  to  loga- 
rithmic transformation  of  the  data  was  un- 
necessary because  a  nonlinear  technique  on 
untransformed  data  was  used  to  determine 
the  parameters  for  each  equation. 

Biomass  Variable  Relations 


Selection  of  Biomass  Variables 

Of  the  five  biomass  variables,  stem 
omass  was  best  predicted  by  the  linearized 
uations  using  the  allometric  function, 
r  each  species,  each  combination  of  bio- 
ss-predictor  variable  was  ranked  one 
rough  five,  lowest  to  highest,  according 
1  its  relative  error.   The  ranks  for  all 
uations  containing  a  given  biomass  var- 
ble  were  averaged  for  all  species.   The 
suiting  average  rank  was  stem  (2.4),  this 
ar's  twig  (2.8),  leaf  (2.9),  total  above 
ound  (3.0),  and  last  year's  twig  biomass 
.0).   The  ranking  of  best-estimated  bio- 
bs  variables  were  most  similar  for  june- 
rry  and  green  alder,  followed  by  willow 
d  mountain  maple.   All  of  these  species 
re  more  similar  to  one  another  than  they 


Leaf  biomass  of  mountain  maple,  june- 
berry, and  willow  was  most  closely  related 
to  crown  area  (in  terms  of  highest  R2  and 
lowest  Sy.x),  while  leaf  biomass  of  alder 
was  better  related  to  stem  diameter  than  to 
crown  area.   None  of  the  relations  between 
leaf  biomass  and  predictor  variables  was 
statistically  significant  for  hazel.   The 
relations  between  leaf  biomass  and  the  pre- 
dictor variables,  measured  by  R2,  were  high- 
est for  maple,  while  those  for  the  other 
three  species  were  similar  and  considerably 
lower  (table  4) . 

Biomass  of  this  year's  twig  was  most 
closely  related  to  plant  height  in  all 
species  except  willow,  where  it  was  better 
related  to  crown  area  (table  4) .   For 
maple,  alder,  and  hazel,  crown  area  was  the 
second-best  predictor,  and  for  juneberry 


Table  4. — Regressions  for  estimation  of  biomass  of  shrubs  from  north- 
eastern Minnesota  (allometrio  relation  Y  =  axr) 


REGRESSIONS 

ON  PLANT  HEIGHT  (cm) 

Item 

Mountain 

:   Green 

:   Beaked 

maple 

:   alder 

:   hazel 

:  Juneberrv 

:  Willow 

Leaf 

a 

2.856E- 

■05 

2.746E-03 



6.124E-04 

2.770E-05 

biomass  (g) 

R* 

2.599 

1.738 

1.998 

2.735 

0.70 

0.49 

0.54 

0.43 

s  y 

X 

18.4 

9.4 

7.7 

44.6 

This  year's 

a 

2.639E- 

03 

1.793E-03 

3.268E-03 

3.041E-04 

1.875E-05 

twig 

b 

1.409 

1.600 

1.373 

1.982 

2.571 

biomass  (g) 

R2 

0.33 

0.40 

0.23 

0.55 

0.31 

S  y 

X 

3.2 

3.2 

1.2 

4.2 

12.4 

Stem 

a 

4.134E- 

05 

6.818E-03 

2.089E-05 

1.989E-03 

1.011E-05 

biomass  (g) 

b 

2.835 

1.806 

2.980 

2.067 

3.163 

R2 

0.67 

0.46 

0.37 

0.67 

0.58 

s  y 

X 

117.8 

33.8 

33.7 

32.9 

106.7 

Total  above- 

a 

1.747E- 

05 

1.899E-03 

2.791E-04 

2.009E-03 

1.303E-05 

ground 

b 

3.047 

2.120 

2.520 

2.096 

3.175 

biomass  (g) 

R2 

0.65 

0.53 

0.36 

0.52 

0.68 

s  y 

X 

170.3 

52.1 

51.7 

45.6 

154.9 

REGRESSIONS  ON  CROWN 

AREA  (cmz) 

Leaf 

a 

0.0115 

0.2869 



0.0428 

0.0084 

biomass  (g) 

b 

0.8834 

0.5858 

0.7849 

1.025 

R2 

0.86 

0.58 

0.66 

0.66 

s  y 

X 

12.3 

8.6 

6.7 

34.8 

This  year's 

a 

0.3046 

0.2674 

0.3504 

0.0819 

0.0047 

twig 

b 

0.3215 

0.4496 

0.2888 

0.6072 

0.9590 

biomass  (g) 

R2 

0.22 

0.35 

0.11 

0.35 

0.56 

S  y 

X 

3.4 

3.4 

1.2 

5.1 

10.0 

Stem 

a 

0.0132 

1.590 

0.82C1 

0.7513 

0.0157 

biomass  (g) 

b 

1.064 

0.5354 

0.5770 

0.6250 

1.109 

R2 

0.82 

0.48 

0.13 

0.51 

0.84 

s  y 

X 

86.2 

33.2 

39.6 

40.4 

65.2 

Total  above- 

a 

0.0071 

1.373 



0.2786 

0.0115 

ground 

b 

1.138 

0.5937 

0.7641 

1.166 

biomass  (g) 

R2 

0.89 

0.48 

0.61 

0.91 

s  y 

X 

96.9 

54.8 

40.9 

84.6 

REGRESSIONS  ON  STEM 

CLASS  (cm) 

Leaf 

a 

12.69 

19.78 



15.40 

28.39 

biomass  (g) 

b 

1.818 

0.6824 

0.7386 

1.362 

R2 

0.64 

0.34 

0.27 

0.54 

s  y 

X 

20.1 

10.7 

9.8 

40.3 

This  year's 

a 

3.581 

5.788 

2.486 

6.303 

6.577 

twig 

b 

0.6826 

0.6727 

0.3646 

1.128 

1.602 

biomass  (g) 

R2 

0.17 

0.28 

0.11 

0.32 

0.26 

s  y 

X 

3.5 

3.5 

1.2 

5.2 

12.8 

Stem 

a 

47.88 

56.96 

40.10 

64.14 

56.77 

biomass  (g) 

b 

2.486 

1.052 

0.5878 

1.204 

2.266 

R2 

0.82 

0.40 

0.07 

0.44 

0.67 

s  y 

X 

87.3 

35.8 

40.9 

43.0 

94.4 

Total  above- 

a 

64.38 

82.35 

66.16 

82.93 

99.96 

ground 

b 

2.320 

1.038 

0.6363 

0.9507 

1.936 

biomass  (g) 

R2 

0.79 

0.56 

0.09 

0.38 

0.67 

s  y 

X 

132.0 

50.3 

61.6 

51.6 

158.1 

REGRESSIONS  ON  STEM  DIAMETER  (cm) 

Leaf 

a 

11.13 

13.97 



13.34 

21.59 

biomass  (g) 

b 

2.123 

1.682 

1.547 

1.686 

R2 

0.80 

0.63 

0.47 

0.54 

s  y 

X 

15.0 

8.1 

8.7 

40.3 

This  year's 

a 

3.244 

5.147 

2.371 

5.923 

5.823 

twig 

b 

0.9149 

1.184 

0.7265 

1.685 

1.789 

biomass  (g) 

R2 

0.22 

0.29 

0.11 

0.37 

0.48 

s  y 

X 

3.4 

3.5 

1.2 

5.0 

10.8 

Stem 

a 

40.94 

43.94 

38.57 

50.63 

56.09 

biomass  (g) 

b 

2.781 

2.214 

1.582 

2.547 

2.208 

R2 

0.93 

0.87 

0.20 

0.90 

0.92 

S  y 

X 

53.4 

16.7 

38.1 

17.9 

47.9 

Total  above- 

a 

52.09 

55.45 

54.10 

64.18 

87.79 

ground 

b 

2.724 

2.409 

1.229 

2.322 

1.981 

biomass  (g) 

R2 

0.92 

0.94 

0.13 

0.83 

0.87 

S  y. 

X 

80.0 

18.3 

61.1 

27.0 

99.3 

willow,  stem  diameter  was  related  sec- 
best  (table  4).  Although  relations 
e  statistically  significant,  none  of  the 
s  was  very  high;  for  example,  r2's  for 
ations  predicting  current  twig  biomass 
e  above  0.50  only  for  willow  and  june- 
ry. 

Stem  biomass  was  most  closely  related 
stem  diameter  in  all  species  except 
el,  where  it  was  most  closely  related  to 
nt  height.   However,  for  hazel,  this  R2 

lower  than  those  related  to  stem  diam- 
r  for  the  other  species  (table  4) .   The 
s  for  the  stem  biomass-stem  diameter 
ations  (with  the  exception  of  hazel) 
e  high  and  very  similar,  ranging  from 
7  to  0.93.   Crown  area  also  appeared  to 
closely  related  to  stem  biomass  in  maple 

willow. 

Total  aboveground  biomass  was  most 
sely  related  to  stem  diameter  in  maple, 
er,  and  juneberry,  with  R  s  from  0.83 
0.94.   In  willow  the  R2  for  prediction 
total  biomass  based  on  crown  area  was 
ghtly  higher  than  that  based  on  stem 
meter  (R^  =0.91  versus  0.87).   Crown 
a  also  related  well  to  total  biomass  in 
le  (R2  =  0.89).   In  hazel,  R2,s  relating 
al  biomass  to  all  predictor  variables 
e  low  (largest  was  0.36  for  relation 
h  plant  height),  and  the  relation  of 
wn  area  to  total  biomass  was  not  sta- 
tically significant. 

Performance  of  Predictor  Variables 

Plant  height. — Plant  height  is  easily 
sured  in  the  field,  especially  when  it 
recorded  to  the  nearest  15  cm  as  in  this 
iy.   Unfortunately,  measurements  by  large 
ss  intervals  influence  the  resulting  re- 
ssion  estimates,  their  standard  errors, 


,2', 


However,  the  relative  errors  as- 


iated  with  plant  height  in  the  linearized 
of  regressions  were  lower  than  those  for 
n  length,  presumably  a  more  precise  uieas- 
of  the  same  parameter.  We  suspect  that 
height  had  been  measured  more  precisely, 
tfould  have  performed  more  nearly  like  stem 
neter  as  a  predictor  variable.  A  combin- 
an  of  a  more  precise  measure  of  plant 
ght  and  of  stem  diameter  as  predictor 
Lables  in  a  multiple  regression  would 
aably  account  for  much  of  the  variation 
3hrub  biomass,  just  as  it  does  in  the 
e  of  biomass  in  tree  species. 

'  In  spite  of  the  possible  effect  of  im- 
:ise  measurement,  an  R2  of  0.70  was  ob- 
led  for  the  regression  of  leaf  biomass 


on  plant  height  in  maple,  and  except  for 
twig  biomass,  most  of  the  R  s  for  this  pre- 
dictor were  in  the  0.50  to  0.60  range. 


Peek  (1970)  reported  correlations  co- 
efficients of  r  =  0.88  and  r  =  0.76  for  al- 
lometric  regressions  of  twig  weight  (includ- 
ing both  wood  and  leaf  material)  on  plant 
height  in  willow  and  hazel.   Because  of  a 
difference  in  twig  definition,  direct  com- 
parison is  impossible.   We  found  equivalent 
correlations  of  r  =  0.66  and  r  =  0.56  in 
willow;  and  r  =  0.21  and  r  =  0.48  in  hazel 
for  leaf  and  twig  biomass  regressions  on 
plant  height,  respectively.   In  addition  to 
the  definition  problem,  there  are  methodo- 
logical differences  in  the  two  studies  that 
might  account  for  the  differences.   Our  ma- 
terial was  sampled  over  time  and  consisted 
of  all  twig  and  leaf  material  present  on 
each  plant.   Peek  collected  subsamples  of 
twigs  only  once. 

Crown  area. — As  expected,  crown  area 
performed  well  in  comparison  to  the  other 
predictor  variables  in  accounting  for  leaf 
biomass.   It  also  related  well  to  total 
aboveground  biomass.   The  highest  R2's  f°r 
this  variable  occurred  in  regressions  of 
total  biomass  on  crown  area  (R^=0.89  in 
maple  and  R2  =  0.91  in  willow),  but  total 
biomass  was  accounted  for  better  in  most 
cases  by  stem  diameter.   Leaf  relations  with 
crown  area  resulted  in  R  s  ranging  from 
0.58  to  0.86.   Except  for  leaf  equations  in 
hazel  and  all  those  related  to  twig  biomass, 
most  r2's  involving  crown  area  were  above 
0.50. 


Peek  (1970)  also  used  crown  area  to 
predict  twig  weight  (again  including  wood 
and  leaf  material) .   Correlations  from  our 
study  for  leaf  (r  =  0.81)  and  twig  (r  = 
0.75)  are  lower  than  Peek's  (r  =  0.96)  for 
willow.   Our  values  for  hazel  (r  =  0.22  for 
leaf  and  r  =  0.33  for  twig)  are  much  lower 
than  those  reported  by  Peek  (r  =  0.93). 
The  difference  in  this  case  is  probably  due 
to  the  definition  of  canopy  area.   Peek 
used  the  crown  area  of  clones  of  stems 
while  we  used  the  canopy  area  of  individual 
stems  as  the  predictor  variable. 

Based  on  Lyon's  (1968)  finding  that 
crown  volume  in  juneberry  is  a  more  accu- 
rate predictor  of  twig  production  than  is 
crown  surface  area,  a  multiple  regression 
of  crown  depth  and  area  might  be  appropri- 
ate for  estimating  twig  biomass. 


Stem  class. — Like  plant  height,  stem 
class  suffers  from  lack  of  precision  that 
influences  the  resulting  estimates,  their 
standard  errors,  and  R2's.   In  this  study, 
stem  diameter  differed  from  stem  class  only 
in  that  it  was  a  more  precise  measure 
(nearest  0.25  cm  versus  nearest  cm).   The 
standard  errors  of  estimate  for  regressions 
using  stem  class  as  a  predictor  variable 
are  always  larger  than  those  which  use  stem 
diameter  (the  standard  errors  of  twig  bio- 
mass  estimates  based  on  stem  class  average 
1.05  greater  than  those  using  stem  diameter; 
leaf  1.20  greater;  stem  1.82  greater;  and 
total  1.78  greater).   Thus,  although  stem 
class  is  a  convenient  field  measure,  it 
should  be  used  only  if  a  more  precise  meas- 
ure of  diameter  is  not  feasible.   Where 
twig  biomass  estimation  is  of  special  in- 
terest, plant  height  is  a  better  field  pre- 
dictor. 


Stem  diameter. — For  leaf,  stem,  and 
total  aboveground  biomass  estimation,  this 
variable  was  a  better  predictor  than  the 
other  variables,  and  for  estimation  of  twig 
biomass  it  ranked  second  for  three  of  the 
species.   The  highest  R2  associated  with 
this  predictor  was  0.94  for  the  relation  to 
total  biomass  in  alder,  but  R2's  in  the  low 
90 's  and  high  80' s  were  common  for  both  to- 
tal and  stem  biomass  estimates.   The  R  s 
tended  to  be  lower  for  leaf  and  twig  bio- 
mass estimates. 

Tappeiner  and  John  (1973)  presented 
allometric  regression  equations  for  hazel 
using  basal  area  based  on  stem  diameter 
measured  at  30  cm  above  ground.   They  found 
both  aerial  stem  biomass  (R2  of  0.93)  and 
leaf  biomass  (0.97)  were  related  to  basal 
area.   Both  the  dependent  and  independent 
variables  in  their  case  were  defined  per 
unit  land  area,  in  contrast  to  variables 
based  on  individual  stems  in  this  study. 
Use  of  basal  area  for  prediction  of  indi- 
vidual stem  biomass  was  not  examined  here, 
but  in  the  allometric  form  basal  area  and 
stem  diameter  differences  only  affect  the 
size  of  the  parameters  and  not  the  relation, 
so  the  results  should  have  been  similar. 


In  this  study  hazel  stem  biomass  was 
related  to  stem  diameter  with  an  R2  of 
0.20,  and  to  leaf  biomass  with  a  statisti- 
cally nonsignificant  R2  of  0.03.  We  have 
no  explanation  for  these  widely  varying  re- 
sults between  our  study  and  Tappeiner  and 
John  (1973) .  We  presumed  that  the  growth 
form  and  clonal  nature  of  hazel  make  it 


difficult  to  predict  biomass  of  individual 
plants  or  plant  components  from  parameters 
measured  on  individual  stems.  Apparently 
biomass  estimates  in  hazel  should  be  tied 
to  area  or  clonal  measures. 


CONCLUSIONS 

(1)  Except  for  hazel,  a  random  sample 
of  weights  of  individual  stems  or  stem  com- 
ponents combined  with  rather  simple,  rapid, 
field  measurements  of  heights,  crowns,  or 
stems  will  provide  relatively  good  biomass 
estimates  for  single  plants.   These  esti- 
mates can  then  be  related  to  density  or  to 
other  shrub  or  community  characteristics. 
In  the  case  of  hazel,  however,  estimates 
should  be  based  on  either  clones  or  unit 
area. 

(2)  At  least  three  (plant  height,  crown 
area,  stem  diameter)  of  the  four  predictor 
variables  used  here  are  useful  for  predict- 
ing either  total  aboveground  biomass  or 
biomass  of  stem  components.   Also,  for  four 
(mountain  maple,  green  alder,  juneberry, 
and  willow)  of  the  five  species  the  various 
relations  were  similar  enough  that  a  single 
overall  equation  based  on  those  four  species 
might  serve  to  estimate  shrub  biomass  for 
purposes  such  as  reconnaissance  studies. 
The  fact  that  the  R2's  of  many  of  the  final 
prediction  equations  are  lower  than  might 

be  expected  may  be  partly  because  biomass 
changes  were  incorporated  into  the  analysis 
by  sampling  over  time. 
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HARDWOODS  PLANTED  IN  OLD  FIELDS 
FAVORED  BY  PRIOR  TREE  COVER 

Willard  H.  Carmean,  F.  Bryan  Clark,  Robert  D.  Williams,  and  Peter  R.  Hannah 


Large  areas  of  marginal  farm  land  lo- 
cated in  hilly  parts  of  the  Midwest  have 
been  abandoned  since  the  turn  of  the  cen- 
tury.  Several  species  of  pine  grow  rapidly 
when  planted  on  such  land  (Limstrom  1963)  , 
but  successful  plantings  of  hardwoods  are 
rare,  even  where  deep,  well  drained  soils 
are  apparently  well  suited  for  hardwoods. 
Nevertheless,  hardwoods  such  as  yellow- 
poplar  (Liriodendron  tulipifera   L.)  some- 
times naturally  seed  into  young  pine  plan- 
tations on  the  better  soils.   These  volun- 
teer hardwoods  commonly  grow  faster  than 
pines  on  the  better  sites  even  though  growth 
would  have  been  poor  if  the  hardwoods  had 
been  planted  in  the  grassy  cover  present  a 
few  years  following  land  abandonment. 

We  studied  an  abandoned  field  in 
southern  Indiana  to  determine  whether 
planted  hardwood  growth  differed  according 
to  vegetation.   We  also  wanted  to  determine 
if  these  growth  differences  were  associated 
with  differences  in  physical,  chemical,  and 
biological  soil  conditions.   Our  results 
reveal  that  growth  of  planted  hardwoods  is 
strikingly  different  for  areas  that  had 
supported  some  kind  of  tree  cover  since 
abandonment.   These  growth  differences  were 
associated  with  foliar  nitrogen,  and  with 
several  physical,  chemical,  and  biological 
soil  factors.   We  attribute  the  striking 
growth  differences  to  the  combined  effect 
of  soil  conditions  that  have  been  improved 
by  many  years  of  tree  cover  present  on 
abandoned  agricultural  land. 

We  have  already  published  several  pa- 
pers describing  the  pot  culture  and  endo- 
mycorrhizal  results  of  our  studies.   In  this 
paper  we  give  16-year  results  from  field- 
planted  hardwoods,  and  also  we  relate  our 
field  results  to  our  previously  published 
results.   In  addition,  we  attempt  to  relate 
our  research  to  research  elsewhere  so  as  to, 
hopefully,  give  some  overall  perspective 
and  interpretation  to  the  complex  problem 
of  hardwood  tree  growth  on  abandoned  agri- 
cultural land. 


THE  STUDIES 
The  Study  Area 

Our  study  area  is  a  large  field  aban- 
doned in  the  mid-1930' s  located  on. the  Paoli 
Experimental  Forest  within  the  Hoosier  Na- 
tional Forest  in  Orange  County,  Indiana, 
When  we  began  our  studies  in  I960,  the  field 
was  bordered  by  a  second-growth  hardwood 
forest.   The  outer  portions  of  the  field 
were  unevenly  stocked  with  volunteer  hard- 
wood trees  and  shrubs;  the  inner  portion 
was  in  the  grassy,  nonstocked  stage  of  na- 
tural old-field  succession.   In  1937  short- 
leaf  pine  (Pinu.8  eohinata   Mill.)  had  been 
planted  on  part  of  the  nonstocked  area,  and 
black  locust  (Robinia  peeudoacaaia   L.)  had 
been  planted  on  a  few  areas  that  were  se- 
verely eroded. 

Hardwoods  were  planted  in  1960  on  four 
areas  having  different  vegetation  (table  1): 
(1)  a  nonstocked  area,  and  areas  clearcut 
from  (2)  a  fully  stocked  stand  of  volunteer 
trees  and  shrubs,  (3)  a  23-year-old  short- 
leaf  pine  plantation,  and  (4)  a  23-year-old 
black  locust  plantation.   Soil  conditions 
were  studied  in  these  four  areas  and  also 
in  the  hardwood  forest  and  in  an  area  half 
stocked  with  volunteer  trees  and  shrubs. 
Most  of  the  study  areas  are  within  about 
550  feet  of  each  other  and  generally  repre- 
sent a  transect  extending  from  the  non- 
stocked  area  to  the  hardwood  forest.   The 
locust  area  is  about  790  feet  from  the  other 
study  areas. 

The  study  plots  are  on  a  broad,  gently 
rolling  ridge;  slopes  range  from  4  to  10 
percent,  and  aspect  is  south  and  southeast. 
The  soils  are  Zanesville  and  Tilsit  silt 
loams  (fine-silty,  mixed,  mesic  Typic 
Fragiudalfs,  and  Typic  Fragiudults,  respec- 
tively) that  have  developed  from  loess  de- 
posits overlying  residual  sandstone  and 
shale.   These  soils  are  similar  except  for 
depth  to  an  underlying  fragipan:   the  Tilsit 
fragipan  begins  at  about  20  inches  causing 


Table  1. — Description  and  plant  composition  of  the  six  study  areas   in 

1960 


Area    : 

Tree  age 

Stand  basal  area 

:          Species  composition 

Years 

Ft^/acre 

Hardwood 

60  to  80 

143 

Oaks  (Quercus   spp.) 

forest 

Hickories  (Carya   spp.) 

Sugar  maple  {Acer  saccharum   Marsh.) 

White  ash  (Fraxinus  americana   L.) 

Nonstocked 

— 

-- 

Broomsedge  (Andropogon  virginicus   L.) 

area 

Poverty  oatgrass  (Danthonia  spicata 

(L.)  Beauv.) 
Goldenrod  (Solidago   spp.) 

Half-stocked 

0  to  30 

41 

Sassafras  {Sassafras  albidum   (Nutt.) 

area 

Nees) 
Persimmon  (Diospyros  virginiana   L.) 
Elm  (Ulmus  ameriaana   L.) 

Fully  stocked 

0  to  30 

88 

Same  as  half-stocked  field 

area 

Shortleaf  pine 

23 

137 

Shortleaf  pine  {Pinus  echinata   Mill.) 

plantation 

Black  locust 

23 

68 

Black  locust  {Pobinia  pseudoaaacia   L.) 

plantation 

some  restrictions  in  internal  drainage;  the 
Zanesville  fragipan  begins  at  about  33 
inches,  resulting  in  somewhat  better  internal 
drainage  (table  2) . 


Field  Plantings 

In  1960,  one  plot  was  established  on 
each  of  the  four  areas.   Each  plot  was  50 


Table  2. — Soil  descriptions  for  the  six  study  areas 


Area 

:    Soil   : 
:    type   : 

Soil     : 
horizon  :   DePth 

'  Sand   | 

silt    ; 

Clay 

!  PH 

I*1! 

K1 

Inches 

Percent 

Percent 

Percent 

p/m 

p/rt 

Natural 

Zanesville 

Al 

0-3 

10 

65 

25 

5.9 

2 

83 

hardwood 

silt  loam 

A  2 

3-6 

12 

65 

23 

5.8 

2 

75 

forest 

integrade 

Bl 

6-8 

to  Wells- 

B21 

8-16 

12 

61 

27 

ton 

B22 
2B23x 

16-34 

34+ 

17 

51 

32 

Nonstocked 

Tilsit 

Ap 

0-3 

10 

63 

27 

5.8 

2 

46 

area 

silt  loam 

Ap 

3-6 

5.8 

2 

29 

Bl 

6-14 

8 

54 

38 

B21 

14-21 

2B22x 

21-26 

14 

52 

34 

Half-stocked 

Tilsit 

Ap 

0-3 

11 

61 

28 

6.0 

2 

52 

area 

silty  clay 

Ap 

3-5 

5.8 

2 

37 

loam  inter- 

Bl 

5-13 

11 

57 

32 

grade  to 

B21 

13-27 

13 

55 

32 

Zanesville 

2B22x 

27-47 

11 

53 

36 

Fully  stocked 

Tilsit 

Ap 

0-3 

11 

63 

26 

6.0 

2 

89 

area 

silt  loam 

Ap 

3-6 

5.8 

2 

60 

Bl 

6-11 

10 

58 

32 

B21 

11-20 

lr. 

52 

33 

2B22x 

20-42 

11 

56 

33 

Shortleaf 

Zanesville 

Al 

0-2 

6.6 

2 

66 

pine 

silt  loam 

Ap 

2-4 

12 

62 

26 

6.2 

9 

37 

plantation 

Bl 

4-9 

B21 

9-14 

10 

60 

30 

B22 

14-33 

9 

54 

37 

2B23x 

33-42 

Black  locust 

Zanesville 

Bl 

0-3 

12 

59 

29 

5.6 

5 

83 

plantation 

silty  clay 
loam  (se- 

Bl 
B21 

3-4.5 
4.5-9 

5.3 

2 

52 

verely 

B22 

9-15 

If) 

52 

38 

eroded) 

B23 

15-22 

12 

54 

34 

intergrade 

2B24x 

22-32 

to  Well- 

ston 

Tests  for  "readily  available"  P  and  K  were  made  by  the  Purdue  University  Soil 
Testing  Laboratory  usin  0.75  N  HC1 — results  are  expressed  on  the  elemental  basis. 
Fragipan  horizon  is  denoted  by  "x". 


by  100  feet  surrounded  by  a  35-foot  iso- 
lation strip.   All  trees  and  shrubs  were 
removed  and  stumps  were  treated  with  her- 
bicide to  reduce  sprouting.   On  each  plot 
we  planted  50  1-0  seedlings  each  of  red  oak 
(Quercus  rubra   L.),  black  walnut  (Juglans 
nigra   L.),  sweetgum  {Liquidambar  styraciflua 
L.),  and  yellow-poplar.   Seedlings  were 
planted  in  5  randomly  assigned  rows  of  10 
seedlings  each  and  spacing  was  5  by  5  feet. 
Planted  trees  were  released  from  competing 
brush  and  sprouts  as  necessary. 

At  the  time  of  planting,  broomsedge 
and  poverty  grass  covered  the  nonstocked 
area.   Little  herbaceous  growth  developed 
on  the  other  three  areas  in  the  first  grow- 
ing season  following  clearing  and  planting, 
but  in  subsequent  years  dense  growth  devel- 
oped on  plots  in  the  fully  stocked  and 
shortleaf  pine  areas;  herbaceous  growth  was 
especially  dense  in  the  black  locust  area. 

Foliar  samples  were  collected  at  5, 
10,  and  16  years  and  were  analyzed  for  ni- 
trogen, phosphorus,  and  potassium.1 

Soil  Measurements 


from  the  surface  six  inches  of  each  of  the 
four  planting  areas.   Soil  cores  also  were 
collected  from  the  adjacent  hardwood  forest, 
and  the  area  half  stocked  with  volunteer 
trees  and  shrubs.   Several  newly  germinated 
yellow-poplar  seeds  were  planted  in  each 
soil  core.   When  seedlings  were  well  estab- 
lished, they  were  thinned  to  three  per  core. 
After  12  weeks  the  seedlings  were  washed 
from  the  cores  and  weighed.   Results  of 
this  study  have  been  published  (Clark  1964), 
but  are  included  here  for  comparison. 

We  suspected  that  endomycorrhizae 
might  affect  phosphorus  absorption  and  the 
growth  of  yellow-poplar  seedlings.   So  we 
collected  18  additional  undisturbed,  0.8- 
gallon  surface  soil  cores  from  the  mixed 
hardwood  forest  area.   Half  of  them  were 
sterilized  using  methyl  bromide.  We  then 
applied  one  of  three  levels  of  phosphorus 
fertilizer  (0,  66,  and  132  lbs/acre  ele- 
mental phosphorus)  to  each  core.   Newly 
germinated  yellow-poplar  seeds  were  planted 
in  each  core.   When  well  established,  they 
were  thinned  to  three  per  core.   After  15 
weeks  the  two  largest  seedlings  in  each  core 
were  washed  from  the  soil  cores  and  weighed. 


Soil  profiles  were  described  in  1962, 
and  composite  soil  samples  were  collected 
for  determining  texture  (Bouyoucos  1951), 
organic  content  (Walkley  1947),  pH,  and 
"readily  available"  phosphorus  and  potassium. 
For  each  area  5  to  15  undisturbed  21.2-in.3 
soil  cores  collected  at  l-to-4-inch,  and 
the  9-to-12-inch  depths  for  determing  bulk 
density  and  noncapillary  pore  volume  (Learner 
and  Shaw  1941). 

Pot  Culture  Studies 

To  compare  growth  of  field  planted 
yellow-poplar  seedlings  with  growth  of  seed- 
lings grown  in  the  laboratory  we  collected 
three  undisturbed,  0.8-gallon  soil  cores 


On  each  area  several  healthy  leaves 
were  collected  from  the  upper  crown  of  at 
least  10  sample  trees  in  late  August;   leaves 
were  dried  at  68°  C  for  24  hours,   petioles 
were  removed,   and  leaves  were  ground  in  a 
Wiley  Mill.      Foliar  analyses  of  5-year  sam- 
ples were  made  by  the  Iowa  State  Soil  Test- 
ing Laboratory,    10-year  samples  were  ana- 
lyzed by  the  Ohio  Agricultural  Research  and 
Development  Center,   and  16-year  samples 
were  done  by  the  University  of  Minnesota 
Soil  Science  Research  Analytical  Labora- 
tory. 


RESULTS 

Height  Growth 

All  planted  hardwoods  grew  slowly  for 
the  first  2  years.   At  5  years,  however, 
differences  in  height  growth  among  the  four 
areas  were  evident,  and  at  10  and  16  years, 
height  differences  were  striking  (figs.  1, 
2,  and  3).   Analysis  of  variance  for  sig- 
nificant height  differences  between  areas 
was  not  possible  because  only  a  single  plot 
was  located  in  each  of  the  four  areas. 
However,  average  heights  for  each  species 
were  consistent  as  shown  by  small  standard 
errors  of  the  mean.   Standard  errors  at  5, 
10,  and  16  years  were  usually  less  than  1, 
2,  and  3  feet,  respectively. 

All  trees  planted  on  the  nonstocked 
area  had  slow  growth,  and  at  10  years  they 
were  not  much  taller  than  when  planted. 
Mortality  for  red  oak  and  black  walnut  was 
severe  on  the  nonstocked  area,  top  dieback 
and  resprouting  were  common,  and  by  16  years 
all  the  oak  and  walnut  were  dead.   Sweetgum 
and  yellow-poplar  survived  much  better  on 
the  nonstocked  field,  but  growth  was  also 
slow  for  the  first  10  years  after  planting. 
However,  after  10  years,  annual  height  growth 


Figure  1. — These  yellow-poplar  on  the  non- 
stocked  area  were  not  much  taller  after 
6  years  than  they  were  when  planted. 

ror  sweetgum  and  yellow-poplar  was  much  bet- 
ter on  the  nonstocked  area.   At  16  years  an- 
nual height  for  sweetgum  on  the  nonstocked 
area  averaged  about  1.8  feet  per  year  while, 
in  contrast,  sweetgum  planted  on  the  pine, 
fully  stocked,  and  locust  areas  averaged 
about  2.2,  2.6,  and  2.8  feet  per  year, 
respectively  (fig.  4). 

Growth  of  sweetgum  and  yellow-poplar 
was  much  better  on  the  plots  clearcut  from 
the  fully  stocked  and  pine  areas,  and  growth 
was  outstanding  on  the  plot  clearcut  from 
the  black  locust  plantation.2  At  10  years 


zAn  additional  plot  was  established  2 
years  earlier  in  a  somewhat  less  eroded 
portion  of  this  same  locust  plantation. 
Rapid  growth  of  planted  trees  on  this  older 
plot  was  similar  to  growth  on  the  locust 
area   (fig.    3) ,   but  data  could  not  be  sta- 
tistically combined  with  those  used  in  the 
current  analysis.     After  18  years  the  four 
tallest  red  oak  in  each  of  the  five  rows 
averaged  19.3  ±  2.8,   black  walnut  29,4  + 
3.3,   sweetgum  37.0  +_  0.9,  and  yellow-poplar 
48.8  ±1.9  feet. 


Figure  2. — These  yellow-poplar  on   the-  locust 
area  averaged  almost  20  feet  in  height   7 
years  after  planting. 

sweetgum  and  yellow-poplar  planted  on  the 
locust  area  were  17.7  and  28.0  feet  taller, 
respectively,  than  they  were  on  the  non- 
stocked  area;  at  16  years  they  were  22.9 
and  37.5  feet  taller  than  on  the  nonstocked 
area.   The  outstanding  16-year  height  of 
sweetgum  and  yellow-poplar  in  the  locust 
area  was  mostly  due  to  exceptionally  rapid 
growth  from  5  to  10  years  when  trees  grew 
3  to  4  feet  in  height  each  year.   But  after 
the  10th  year,  annual  height  growth  of  both 
sweetgum  and  yellow-poplar  in  the  locust 
area  was  somewhat  slower,  and  was  similar 
to  growth  in  the  fully  stocked  and  pine 
areas. 

Growth  of  red  oak  and  black  walnut 
also  was  better  in  the  locust  area  than  in 
the  other  areas.   However,  after  the  10th 
year,  annual  height  growth  of  oak  and  walnut 
in  the  locust  area  slowed  somewhat,  just  as 
did  yellow-poplar  and  sweetgum  growth  in  the 
locust  area. 

Foliar  Nitrogen 

Foliar  nitrogen  for  the  four  species 
differed  greatly  on  the  four  areas  (fig.  5). 
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Figure  3. — Total  height  growth  for  four  hardwood  species  planted  in 

four  areas. 


For  all  species  planted  on  the  nonstocked 
area,  5-year  foliar  nitrogen  levels  were 
usually  lower  than  for  trees  planted  on  the 


other  three  areas.   However,  on  the  non- 
stocked  area,  10-and  16-year  foliar  nitrogen 
increased  for  most  species.   This  increase 
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Figure  4. — Annual  height  growth  for  four  hardwood  species  planted  in 

four  areas. 


in  foliar  nitrogen  on  the  nonstocked  area 
corresponds  to  the  increased  growth  in  this 
area  after  10  years  for  sweetgum  and  yel- 
low-poplar.  For  all  species  planted  on  the 
locust  area,  5-and  10-year  foliar  nitrogen 
was  exceptionally  high.   However,  foliar 
nitrogen  decreased  somewhat  at  16  years  for 
all  species  on  the  locust  area  which  cor- 
responds to  the  somewhat  slower  annual 
height  growth  after  10  years  for  all  species 
planted  on  the  locust  area. 


Annual  height  growth  for  black  walnut, 
sweetgum,  and  yellow-poplar  was  usually  re- 
lated to  foliar  nitrogen  at  5,  10,  and  16 
years  (fig.  6).   This  relation  was  stronger 


at  5  and  10  years.   The  weaker  relation  at 
16  years  was  due  to  less  foliar  nitrogen 
and  slower  growth  for  trees  on  the  locust 
area,  and  to  more  foliar  nitrogen  and  more 
rapid  growth  for  trees  on  the  nonstocked 
area. 

Foliar  phosphorus  and  potassium  levels 
were  similar  at  5  and  10  years  for  all  spe- 
cies on  all  areas,  thus  little  relation 
existed  between  height  growth  and  foliar 
content  of  these  elements. 

Soil  Characteristics 

Soil  descriptions  and  analyses  made  in 
1962  show  that  texture  is  similar  for  all 
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Figure  5. — Foliar  nitrogen   levels  for  four  hardwoods  at   5,  10,   and  16 
years  since  planting.       (Standard  errors  of  the  mean  were  not  calcu- 
lated at  5  years  because  foliar  samples  were  composited  into  a 
single  sample  for  each  of  the  four  vegetal  cover  areas.) 


study  areas:   silt  content  of  the  surface 
soil  ranges  from  59  to  63  percent,  and  clay 
content  ranges  from  26  to  29  percent  (table 
2) .   Surface  soil  depths  (Al  and  Ap  hori- 
zons) also  are  similar  (4  to  6  inches),  ex- 
cept for  the  locust  area  where  most  of  the 
original  surface  soil  had  eroded  away. 
Depth  to  fragipan  is  about  20  inches  for 


the  Tilsit  soil  of  the  nonstocked  and  fully 
stocked  areas;  fragipan  depth  is  about  33 
inches  for  the  Zanesville  soil  of  the  pine 
area,  and  about  22  inches  for  the  eroded 
Zanesville  soil  of  the  locust  area,   "Avail- 
able" phosphorus  was  uniformly  low  (about 
2  p/m) ,  and  "available"  potassium  ranged 
from  29  to  89  p/m. 
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Figure  6. — Relation  of  annual  height  growth  for  black  walnut,   sweetgum, 
and  yellow-poplar  to  foliar  nitrogen  levels  at  5,   10,  and  16  years 
since  planting. 


Measurements  in  1962  showed  that  sur- 
face soil  noncapillary  pore  volume,  bulk 
density,  and  organic  content  differed 
greatly  among  the  various  study  areas  (fig. 
7) .   The  surface  soil  of  the  natural  hard- 
wood forest  probably  represents  the  ori- 
ginal undisturbed  surface  soil  conditions 
before  clearing  and  farming.   This  surface 
soil  has  the  highest  organic  content,  low- 
est bulk  density,  and  a  high  content  of 
large,  noncapillary  pores.   In  contrast, 
the  surface  soil  of  the  nonstocked  area 
had  little  organic  matter,  and  soils  were 
dense  and  low  in  noncapillary  pores;  the 
locust  area  also  had  poor  surface  soil 
physical  conditions  because  most  of  the  ori- 
ginal surface  soil  had  been  lost  to  erosion. 
Surface  soils  of  the  fully  stocked  and  pine 
areas  have  surface  soil  physical  conditions 
almost  as  good  as  those  of  the  hardwood 
forest  area.   Thus,  it  appears  that  the 
presence  of  fully  stocked  stands  of  volun- 
teer trees  and  shrubs,  or  planted  pine,  on 
agricultural  land  abandoned  for  about  23 
years  has  changed  surface  soil  physical  con- 
ditions to  approach  the  conditions  of  the 
hardwood  forest  area. 


The  surface  soil  layer  in  the  locust 
area  had  the  lowest  noncapillary  porosity, 
highest  bulk  density,  and  lowest  organic 
content.   These  physical  soil  conditions 
are  only  a  little  better  than  those  of  the 
subsoil,  probably  because  the  surface  soil 
layer  of  the  locust  area  is  mostly  subsoil 
exposed  by  erosion  before  locust  planting. 
The  locust  was  planted  in  1937  and  clearcut 
for  our  studies  in  1960,  thus  presence  of 
black  locust  for  23  years  apparently  did  not 
result  in  pronounced  physical  changes  in 
what  probably  was  mostly  subsoil  at  the  time 
the  locust  was  planted. 

Of  course,  subsoils  are  less  porous 
and  have  less  organic  content  than  surface 
soils.   Even  so,  subsoil  physical  condi- 
tions differed  among  the  different  vegeta- 
tion conditions.   The  subsoil  of  the  forest 
area,  in  contrast  to  the  nonstocked  area, 
had  the  most  noncapillary  pores,  was  less 
dense,  and  had  the  most  organic  content; 
these  physical  soil  conditions  were  also 
fairly  good  in  the  fully  stocked  and  pine 
areas.   These  somewhat  better  subsoil  con- 
ditions for  the  hardwood  forest,  pine,  and 
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Figure  7. — Noncapillary  pore  volume,   bulk  density,   and  organic  matter 
content  for  the  surface  soil    (1   to  4  inches)   and  subsoil    (9  to  12 
inches)   of  the  six  study  areas. 


fully  stocked  areas  probably  are  due  to  the 
long  term  presence  of  large,  deep-rooted 
trees  that  produce  subsoils  having  more 
root  channels,  more  organic  incorporation, 
and,  as  a  consequence,  more  porous  subsoils. 
Rolfe  and  Boggess  (1973)  observed  similar 
subsoil  differences  for  loess-derived  soils 
in  southern  Illinois  when  they  compared  sub- 
soils of  grassy  abandoned  fields  with  sub- 
soils of  pine  plantations. 

Noncapillary  pore  volume,  organic  con- 
tent, and  bulk  density  are  interrelated 
(fig.  8).  Increased  organic  content  is 
associated  with  decreased  densities  and 
with  an  increase  in  noncapillary  pore  vol- 
ume. Naturally,  more  porous  soils  also 
have  lower  bulk  densities. 

Pot  Culture  Studies 

Growth  of  yellow-poplar  seedlings  in 
undisturbed  soil  cores  from  the  various 
study  areas  paralleled  the  growth  of  field 
planted  seedlings  (Clark  1964)  (figs.  3 
and  9).   Yellow-poplar  seedlings,  as  well 
as  field-planted  trees,  had  consistently 
poor  growth  in  soil  cores  from  the  nonstocked 
area.   Growth  was  better  in  cores  from  the 
fully  stocked  area  and  better  yet  in  cores 
from  the  pine  and  hardwood  forest  areas. 
Exceptionally  rapid  growth  was  evident  for 
yellow-poplar  seedlings,  as  well  as  field- 
planted  trees,  in  soil  cores  from  the  locust 
area. 
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Yellow-poplar  seedlings  in  the  soil 
cores,  and  in  the  field,  usually  grew  bet- 
ter the  greater  the  noncapillary  porosity 
and  organic  content,  and  the  less  the  bulk 
density  (fig.  10).   An  exception  was  seed- 
lings grown  in  soil  from  the  black  locust 
area  where  rapid  growth  occurred  despite 
adverse  soil  physical  conditions.   The 
locust  area  probably  has  abundant  soil  ni- 
trogen, as  indicated  by  the  large  content 
of  foliar  nitrogen  (fig.  3),  and  this  large 
nitrogen  supply  might  have  more  than  offset 
the  effects  of  poor  physical  soil  condi- 
tions.  Nitrogen  relations  in  the  locust 
area  were  so  unlike  those  in  the  other 
areas  that  direct  growth  comparisons  would 
be  misleading.   So,  values  for  the  locust 
areas  were  not  included  in  the  calculations 
illustrating  how  growth  is  correlated  with 
noncapillary  pore  volume,  bulk  density,  and 
organic  content  (fig.  10). 

Yellow-poplar  seedlings  did  not  re- 
spond to  phosphorus  fertilizer  when  grown 
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Figure  8. — Relation  of  noncapillary  pore 
volume,   bulk  density,   and  organic  matter 
content. 

in  undisturbed  and  unsterilized  soil  cores. 
After  15  weeks  the  fresh  weight  of  seedlings 
fertilized  with  0,  66,  and  132  lbs/acre 
elemental  phosphorus  averaged  6.20  grams. 
In  contrast,  seedlings  did  respond  signif- 
icantly (0.05  and  0.01  level)  to  phosphorus 
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Figure  9. — Fresh  weight  of  yellow-poplar 
seedlings  grown  12  weeks  in  undisturbed 
surface  soil   (0  to  6  inches)   cores  col- 
lected from  six  vegetal  cover  areas. 
(Areas  having  the  same   letter  are  not 
significantly  different   (0.01   level). 
HwdF  =  hardwood  forest,   NS  =  nonstocked 
area,  HS   =  half-stocked  area,   FS  =  fully 
stocked  area,  Sht  =  shortleaf  pine  plan- 
tation,  and  Bl.L  =  black  locust  plantation. 


fertilizer  when  grown  in  undisturbed  cores 
that  had  been  sterilized  with  methyl  bromide. 
After  15  weeks  the  fresh  weight  of  seed- 
lings fertilized  with  0,  66,  and  132  pounds 
of  phosphorus  averaged  1.33,  3.72,  and  A. 01 
grams,  respectively. 
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DISCUSSION  AND  CONCLUSIONS 

This  study  is  based  only  on  a  single 
plot  in  each  of  four  vegetal  cover  areas. 
Thus,  our  results  should  be  considered  as 
a  case  history  observation  of  tree  growth 


Figure  10. — Weight  of  yellow-poplar  seed- 
lings grown  in  undisturbed  surface  soil 
(0  to  6  inches)    cores  collected  from 
six  vegetal  cover  areas  was  related  to 
surface  soil  structure.      (Correlations 
shown  do  not  include  seedlings  grown  in 
soil  cores  from  the  black  locust  area.) 
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on  an  abandoned  field  having  contrasting 
vegetal  cover  conditions.   Even  though  our 
study  lacks  statistical  replication,  we 
still  consider  the  results  meaningful  be- 
cause (a)  we  have  observed  great  differences 
in  growth  on  the  four  vegetal  areas,  (b)  we 
have  lengthy  observations — 16  years,  and 
(c)  we  have  found  tree  growth  to  be  closely 
related  to  several  important  physical, 
chemical,  and  biological  soil  factors.   Be- 
cause of  these  many  relations,  we  conclude 
that  the  striking  growth  differences  we 
have  observed  are  due  to  a  complex  of  sev- 
eral interrelated  physical,  chemical,  and 
biological  factors  rather  than  a  single 
limiting  factor.   We  hope  our  observations 
and  hypotheses  will  provide  some  meaningful 
basis  for  future  studies  that  explore  in 
more  detail  the  complex  growth  relations  of 
hardwood  trees  on  abandoned  agricultural 
fields. 

Physical  Soil  Relations 

Some  of  the  differences  in  soil  phys- 
ical conditions  we  observed  in  1962  could 
have  existed  at  the  time  the  field  was 
abandoned  in  the  mid-1930' s.   Soils  fre- 
quently change,  even  within  small  areas, 
but  we  do  not  believe  normal  soil  variation 
is  responsible  for  most  of  the  pronounced 
differences  in  soil  physical  conditions 
among  our  four  study  areas.   Obviously, 
soil  conditions  in  the  eroded  locust 
plantation  areas  were  initially  much  dif- 
ferent from  those  in  the  other  three  areas. 
However,  soil  conditions  for  the  nonstocked, 
fully  stocked,  and  pine  areas  probably  were 
similar  at  the  time  the  field  was  abandoned. 
The  three  areas  are  adjacent,  they  have  the 
same  topographic  position,  and  their  sur- 
face soil  depths  and  profile  textures  are 
almost  identical  (table  1).   So,  we  attri- 
bute most  of  the  present  physical  soil  dif- 
ferences to  the  influence  of  different  kinds 
of  vegetation  present  for  at  least  23  years 
since  land  abandonment. 

Our  observations  on  differences  in 
porosity,  bulk  density,  and  organic  con- 
tent agree  closely  with  other  studies  show- 
ing pronounced  soil  changes  resulting  from 
old-field  succession,  or  from  planting 
trees  on  agricultural  land  (Auten  1933, 
1941,  1945;  Billings  1938;  Coile  1940; 
Byrnes  and  Kardos  1963;  Challinor  1968). 
Similar  soil  physical  changes  due  to  vege- 
tal differences  also  have  been  reported  for 
an  abandoned  field  in  southern  Illinois 
having  loess-derived  soils  (Rolfe  and 
;ess  1973,  Fisher  et  al.    1975). 


The  soil  physical  differences  we  have 
observed  are  closely  associated  with  the 
large  growth  differences  for  trees  planted 
on  our  four  areas.   Better  tree  growth 
with  better  soil  physical  conditions  also 
has  been  observed  elsewhere  (Youngberg 
1959,  Foil  and  Ralston  1967,  Minore  et  al . 
1969,  Hatchell  1970).   Agricultural  crops 
also  grow  better  with  more  favorable  phys- 
ical soil  conditions.   This  is  because 
soils  that  are  porous  and  loose  are  better 
aerated,  have  more  favorable  temperature 
relations,  root  respiration  is  improved, 
mechanical  resistance  to  root  extension  is 
lessened,  and  roots  are  better  able  to 
absorb  soil  moisture  and  nutrients  (Lutz 
1952,  Russell  1952,  Barley  and  Greacen 
1967,  Danielson  1972,  Taylor  et   al .    1972). 
These  relations  between  physical  soil  con- 
ditions and  root  physiology  probably  are 
partially  responsible  for  the  close  asso- 
ciations we  have  observed  between  tree 
growth  and  noncapillary  pore  space,  bulk 
density,  and  organic  content  (fig.  10). 

Nitrogen  Relations 

Nitrogen-fixing  nodules  occur  on  black 
locust  roots.   Locust  litter  also  returns 
large  amounts  of  nitrogen  to  the  soil,  thus 
soils  under  locust  stands  contain  abundant 
nitrogen  (Ike  and  Stone  1958).   Soil  ni- 
trogen contributed  by  black  locust  has  long 
been  known  to  stimulate  growth  of  associated 
trees  on  both  abandoned  fields  and  strip- 
mined  land  (Mclntyre  and  Jeffries  1932, 
Chapman  1935,  Chapman  and  Lane  1951,  Finn 
1953).   Likewise,  hardwoods  planted  on  our 
locust  plot  contain  large  amounts  of  foliar 
nitrogen  and  the  sweetgum  and  yellow-poplar 
are  growing  remarkably  fast.   Apparently 
much  of  the  nitrogen  contributed  by  the 
locust  remains  16  years  after  the  locust 
was  cut,  and  this  nitrogen  still  is  stimu- 
lating rapid  tree  growth. 

Finn  (1953)  found  that  yellow-poplar, 
sweetgum,  black  walnut,  and  red  oak  inter- 
planted  with  locust  grew  rapidly  and  had 
large  amounts  of  foliar  nitrogen.   His  re- 
sults closely  parallel  the  rapid  growth  and 
large  amounts  of  foliar  nitrogen  we  observed 
for  these  same  species  planted  on  our  locust 
plot.   We  as  well  as  Finn  found  that  these 
hardwood  species  planted  on  abandoned  fields 
without  locust  grew  slowly  and  contained 
only  small  amounts  of  foliar  nitrogen. 

Early  growth  was  outstanding  on  the 
eroded  soil  of  the  locust  area  even 
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though  the  dense  soil  was  low  In  organic 
matter  and  noncapillary  pores.   The  abun- 
dant supply  of  nitrogen  in  the  locust  area 
perhaps  compensated  for  poor  physical  soil 
conditions  and  thus  stimulated  early  tree 
growth.   But  the  large  supply  of  nitrogen 
inherited  from  the  previous  locust  stand 
may  be  diminishing  with  time,  thus  resulting 
in  somewhat  slower  later  growth.   Measure- 
ments at  16  years  of  trees  planted  on  the 
locust  plot  indicate  that  the  initial  high 
foliar  nitrogen  levels  and  initial  rapid 
annual  height  growth  may  indeed  be  dimin- 
ishing 10  years  after  planting. 

At  age  10  sweetgum  and  yellow-poplar 
planted  on  the  fully  stocked  and  pine  areas 
also  had  more  foliar  nitrogen  and  were  grow- 
ing faster  than  trees  on  the  nonstocked  area. 
Finn  (1953)  likewise  observed  that  hardwoods 
underplanted  in  a  decadent  shortleaf  pine 
plantation  in  southern  Illinois  had  more 
foliar  nitrogen  and  better  growth  than 
hardwoods  planted  in  a  nearby  abandoned 
field.   One  possible  explanation  for  the 
better  growth  we  observed  is  that  the  sur- 
face soils  of  the  fully  stocked  and  pine 
areas  had  more  organic  matter,  and  hence 
more  soil  nitrogen,  than  the  surface  soil 
of  the  nonstocked  area.   Another  possible 
explanation  is  that  soil  organisms  in  the 
pine  or  hardwood  root  zones  may  mineralize 
or  otherwise  extract  some  fraction  of  soil 
nitrogen  resistant  to  organisms  in  the  root 
zone  of  the  grasses  in  the  nonstocked  area. 
This  was  suggested  by  a  study  in  New  York 
(Fisher  and  Stone  1969,  Stone  and  Fisher 
1969)  where  total  amounts  of  soil  nitrogen 
and  phosphorus  were  similar  in  abandoned 
fields,  conifer  plantations,  and  in  the 
border  zones.   However,  they  found  that 
more  available  nitrogen  occurred  in  the 
conifer  soils,  presumably  because  of  better 
mineralization  of  soil  organic  matter. 

Endomycorrhizae  Relations 

Before  concluding  that  soil  physical 
conditions  and  nitrogen  were  exclusively 
responsible  for  our  observed  growth  dif- 
ferences, we  also  considered  the  possible 
influence  of  other  nutrients  and  soil  my- 
corrhizae.   Pot  culture  studies  were  de- 
signed to  observe  the  role  of  these  addi- 
tional factors  as  well  as  complement  the 
field  studies. 


Soil  samples  from  all  study  areas  con- 
tained little  readily  available  phosphorus 


(table  2) .   This  prompted  a  study  of  the 
response  of  pot-grown  black  locust  and 
tomato  {Lycopersicon  esculentwn   Mill.) 
seedlings  to  nitrogen,  phosphorus,  and  po- 
tassium fertilizers.   Locust  and  tomato 
seedlings  grown  in  disturbed  soil  samples 
collected  from  the  hardwood  forest,  non- 
stocked,  pine,  and  locust  areas  responded 
strongly  to  phosphorus  fertilization  (Hannah 
and  Kohnke  1964) . 

Further  studies  were  then  made  using 
yellow-poplar  seedlings  grown  in  undisturbed 
soil  cores  collected  from  the  hardwood  for- 
est area.   As  already  described  we  found  no 
response  to  phosphorus  fertilization  for 
yellow-poplar  seedlings  grown  in  undisturbed 
soil  cores,  even  though  black  locust  and 
tomato  grown  in  disturbed  soil  had  responded 
to  phosphorus  (Hannah  and  Kohnke  1964).   In 
contrast,  yellow-poplar  did  respond  strongly 
to  phosphorus  when  growing  in  undisturbed 
cores  that  had  been  sterilized.   Seedling 
roots  were  not  examined  in  this  study. 
However,  other  studies  (Clark  1961,  1964), 
suggest  that  yellow-poplar  roots  growing 
in  the  unsterilized  cores  were  infected 
with  endomycorrhizae  and  thus  able  to  ab- 
sorb sufficient  phosphorus  despite  low  lev- 
els of  "readily  available"  soil  phosphorus. 
In  contrast,  yellow-poplar  seedlings  grow- 
ing in  the  sterilized  cores  probably  lacked 
endomycorrhizae;  this  apparently  resulted 
in  insufficient  phosphorus  absorption,  and 
thus  seedlings  in  sterilized  soil  responded 
to  phosphorus  fertilization.   This  view  is 
supported  by  studies  showing  that  vesicular- 
arbuscular  endomycorrhizae  present  on  roots 
of  yellow-poplar  and  sweetgum  result  in  in- 
creased uptake  of  soil  phosphorus  (Gray  and 
Gerdemann  1967). 

The  rapidly  growing  yellow-poplar 
seedlings  growing  in  undisturbed  cores  from 
the  hardwood  forest,  the  pine  area,  and  the 
locust  area  had  well  developed  endor.r 
rhizae  (Clark  1964). 3   Cut  the  slow-  ■■ 
seedlings  in  undisturbed  soil  cores  from 
the  nonstocked  area  were  "weakly"  infected 
and  the  hyphae  within  seedling  root  cells 
appeared  to  be  disintegrating.   Clark 
(1964)  also  found  that  yellow-poplar  se< d- 
lings  grown  in  screened  surface  soils  from 
the  hardwood  forest  were  much  smaller  than 
seedlings  grown  in  undisturbed  cores  of  the 


z Examinations  for  endomycorrhizae 
were  made  by  Edward  Hackskaylo,  Plant  Phys- 
iologist, USDA  Forest  Service,   Beltsville, 
Mary  land. 
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same  soil.   He  concluded  that  screened 
soils  as  well  as  soils  from  the  nonstocked 
area  were  more  dense,  less  porous,  and  less 
aerated.   These  poorer  physical  soil  con- 
ditions thus  may  have  affected  endomycor- 
rhizal  activity  and  hence  the  ability  of 
yellow-poplar  seedlings  to  absorb  suffi- 
cient soil  nutrients  and  moisture.   Later 
reports  on  endomycorrhizae  also  emphasize 
that  good  soil  physical  conditions  result 
in  better  oxygen  supply  and  greater  root 
metabolic  activity,  thus  favoring  endomy- 
corrhizal  development  and  better  phosphorus 
uptake  for  trees  growing  on  infertile  soils 
(Gerdemann  1968,  Gray  1969,  Harley  1969). 
Apparently  the  physiological  activity  of 
endomycorrhizae  on  our  hardwood  seedling 
roots  was  closely  related  to  soil  physical 
conditions  and  to  the  ability  of  the  hard- 
wood seedlings  to  absorb  sufficient  amounts 
of  soil  nitrogen  and  phosphorus.   Additional 
studies  of  these  interrelations  may  more 
precisely  define  their  role  in  hardwood 
tree  growth. 

Allelopathic  Relations 

Several  herbaceous  species  occurring 
in  the  early  stages  of  old-field  succession 
contain  allelopathic  compounds  that  inhibit 
nitrogen-fixing  and  nitrifying  bacteria 
(Rice  1964,  1974).   The  broomsedge  that 
dominated  our  nonstocked  area  has  allelo- 
pathic compounds  in  both  roots  and  shoots 
that  inhibit  root  nodulation  and  the  growth 
of  legumes.   Such  allelopathic  compounds  are 
an  important  competitive  mechanism  favoring 
plants  having  low  nitrogen  requirements. 
For  example,  in  eastern  Oklahoma  allelopathic 
compounds  produced  by  broomsedge  inhibit 
the  growth  of  several  competing  plant  spe- 
cies, thus  enabling  broomsedge  to  dominate 
old  fields  for  many  years  (Rice  1972) . 
Also  allelopathic  compounds  in  broomsedge 
reduced  the  growth  of  loblolly  pine  (Pinus 
taeda   L.)  seedlings.1* 

The  broomsedge  dominating  the  non- 
stocked  area  may  have  produced  allelopathic 
compounds  that  inhibited  the  growth  of  our 
planted  hardwoods.   Sassafras,  present  in 
our  fully  stocked  area,  has  recently  been 
shown  to  produce  allelopathic  compounds 


1976, 


hPriester,   D.  S.s   and  M.   T.   Pennington. 
Inhibitory  effects  of  broomsedge 


(Andropogon  virginicus  L.  )  on  the  growth  of 
young  loblolly  pine   (Pinus  taeda  L. )  seed- 
lings.    USDA  For.  Serv.,  Southeast.   For, 
Exp.  Stn. y  Asheville,   North  Carolina: 
(Unpublished  Ms.) 


that  influence  old-field  succession  in 
Tennessee  (Gant  and  Clebsch  1975)  .   Brooms- 
edge in  our  nonstocked  area  may  have  pro- 
duced allelopathic  compounds  that  inhibited 
nitrogen-fixing  soil  organisms  and  also 
endomycorrhizal  development.   As  a  result, 
the  supply  of  nitrogen,  phosphorus,  and 
other  nutrients  may  have  been  limited,  thus 
resulting  in  poor  early  growth  of  our  planted 
hardwoods.   But  the  initially  slow-growing 
hardwoods  planted  in  the  nonstocked  area 
gradually  attained  dominance  after  10  years, 
thus  reducing  the  density  of  the  broomsedge. 
So  the  influence  of  allelopathic 
compounds  produced  by  broomsedge  may  be 
diminishing,  judging  from  the  increased 
foliar  nitrogen  and  increased  annual  height 
growth  observed  at  16  years  for  sweetgum 
and  yellow-poplar  planted  on  the  nonstocked 
area. 

APPLICATION  OF  RESULTS 

The  reasons  are  complex  for  the  strik- 
ing differences  in  growth  that  we  observed 
for  hardwoods  planted  on  an  abandoned  field 
having  contrasting  vegetal  cover  conditions. 
Apparently  several  important  physical,  chem- 
ical, and  biological  soil  factors  are  in- 
volved and  more  detailed  studies  are  needed 
before  we  can  fully  understand  their  com- 
plex interrelations. 

Even  though  the  basic  reasons  for  our 
growth  differences  are  complex,  hardwoods 
obviously  grow  much  faster  when  planted  on 
old  fields  where  soils  have  been  modified 
physically,  chemically,  and  biologically  by 
the  presence  of  well  stocked  stands  of 
trees.   The  time  required  for  these  soil 
modifications  is  uncertain,  but  our  studies 
on  a  single  abandoned  field  indicate  that 
soil  conditions  are  improved  for  planted 
hardwoods  during  23  years  under  forest  cover. 

Shortly  after  abandonment  many  upland 
old  fields  are  invaded  by  aggressive,  brushy 
vegetation.   Many  such  areas  are  good  sites 
for  trees  but  in  the  past  were  usually  not 
planted  because  land  clearing  and  brush 
control  were  difficult  and  expensive.   Our 
studies  suggest  that  on  good  upland  sites 
this  tree  and  shrub  cover  will  improve 
growing  conditions  for  more  desirable  hard- 
woods.  Therefore,  such  areas  can  be  con- 
sidered good  hardwood  planting  sites  now 
that  better  mechanical  and  chemical  methods 
are  available  for  brush  control  and  for  con- 
verting brushy  areas  to  desirable  hardwood 
plantations. 
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Our  studies  also  indicate  that  pine 
stands  improve  growing  conditions  for 
planted  hardwoods.   So,  on  good  upland 
sites,  conversion  to  commercially  valuable 
hardwoods  might  be  desirable  following  an 
initial  rotation  of  pine.   This  was  done 
in  southern  Illinois  where  yellow-poplar 
made  excellent  growth  when  planted  in  a 
clearcut  portion  of  a  shortleaf  pine  plan- 
tation (Young  et  al.    1969).   Furthermore, 
an  initial  rotation  of  nitrogen-fixing  tree 
species,  such  as  black  locust,  alder  (Alnus 
spp.),  or  autumn-olive  (Elaeagnus  umbellata 
Thunb.)   may  improve  soil  conditions  for 
certain  eroded  and  less  favorable  sites, 
thus  better  growth  and  survival  might  be 
achieved  when  these  areas  are  converted  to 
valued  hardwoods. 


: 'Unpublished  7-year  results  show  sig- 
nificant increases  in  height  and  diameter 
growth  for  black  walnut  when  interplanted 
with  autumn-olive    (D.    T.   Funk,   North  Cent. 
For.   Exp.  Stn.,   Carbondale,  Illinois). 
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NORTHERN  WISCONSIN  SNOWMOBILERS: 
THEIR  CHARACTERISTICS  AND  MANAGEMENT  PREFERENCES 

Earl  C.  Leatherberry 


Before  the  1950' s,  there  were  only  a 
few  hundred  snowmobiles  in  North  America  and 
most  were  used  primarily  for  nonrecreation 
purposes.   Public  land  managers  did  not  see 
snowmobile  use  as  a  threat  to  the  environ- 
ment nor  as  a  source  of  conflict  with  other 
recreation  uses.   However,  within  a  decade 
(1962  to  1972)  the  sale  of  snowmobiles  grew 
from  10,000  to  587,000  units  per  year  (In- 
ternational Snowmobile  Industry  Association 
1973) .   And  today  there  are  an  estimated 
2.6  million  snowmobiles  in  operation  in  the 
United  States. 

In  reaction  to  the  relatively  rapid  in- 
crease in  the  use  of  snowmobiles,  various 
segments  of  the  public  began  to  call  for 
measures  to  regulate  their  use.   Public  land 
managers  also  began  to  notice  environmental 
damages  from  the  indiscriminate  use  of  snow- 
mobiles (Butcher  1972) .   In  haste  to  deter 
apparent  environmental  damages  and  to  ap- 
pease public  opinion,  some  public  land  man- 
agement agencies  adopted  poorly  conceived 
regulations  and  policies  (Butler  1974)  .   In 
some  instances,  regulations  and  policies 
were  improvised  or  copied  from  other  areas 
without  reference  to  or  consideration  of 
local  conditions. 

In  1972,  President  Nixon  issued  Exec- 
utive Order  11644--"The  Use  of  Off  Road 
Vehicles  on  Public  Lands".   In  the  order, 
the  President  called  for  each  Federal  land 
management  agency  to  designate  specific 
areas  and  trails  on  public  land  where  the 
use  of  off -road  vehicles  may  be  permitted, 
and  areas  where  they  may  not  be  permitted. 
Efforts  to  respond  to  this  order  have  been 
accompanied  by  intensive  feeling  on  both 
sides.   Frequently,  for  the  same  decision, 
managers  have  been  abused  on  the  one  hand 
for  being  snowmobile  advocates  and  on  the 
other  for  being  antisnowmobile. 


Because  of  the  controversy  surrounding 
the  establishment  of  snowmobile  regulations, 
managers  should  know  something  of  their 
clientele's  perception  of  the  issues.   For 
example,  past  research  has  shown  that  man- 
agement decisions  are  sometimes  made  with- 
out adequate  knowledge  of  the  user  and  his 
attitudes  about  the  issues  (Moeller  et  at. 
1974)  .   Research  nas  also  shown  that  land 
managers  are  not  always  able  to  objectively 
perceive  management  policies  that  are  ac- 
ceptable to  the  user  public  (Hendee  and 
Harris  1970). 


As  a  first  step  toward  filling  this 
gap,  a  study  was  begun  to  gain  some  insight 
into  how  snowmobilers  felt  about  alterna- 
tive management  strategies  for  regulating 
snowmobile  use  on  public  land.   The  study 
was  intended  not  only  to  determine  an  aver- 
age group  response  to  the  management  alter- 
natives but  also  to  identify  differences 
that  may  exist  between  different  groups  of 
snowmobilers. 


The  study  focused  on  snowmobilers  who 
resided  close  to  large  expanses  of  public 
land.   It  was  presumed  that  those  snowmo- 
bilers would  be  most  affected  by  a  partic- 
ular management  decision.   For  simplicity, 
the  study  focused  on  National  Forest  land 
in  northern  Wisconsin  where  management  op- 
tions for  regulating  snowmobiles  and  other 
off-road  vehicles  were  under  consideration. 


The  study  was  not  designed  to  deal 
directly  with  policy  nor  does  it  advocate 
any  particular  management  stance.   It  was 
designed  solely  to  identify  and  survey  a 
target  population  that,  presumably,  was 
aware  and  interested  in  policy  issues. 


THE  STUDY  AREA 

The  study  area  was  the  northern  two 
thirds  of  Wisconsin  (fig.  1).   The  area  is 
sparsely  populated  with  a  density  of  35 
people  per  square  mile.   In  1975,  there  were 
141,936  registered  snowmobilers  (53  percent 
of  the  State's  total)  or  one  for  nearly  ev- 
ery 9  people.   More  than  4  million  acres  of 
land,  more  than  20  percent  of  the  total  area, 
is  publicly  owned  (10  percent  county,  4  per- 
cent State,  and  7  percent  Federal).   The 
Chequamegon  and  Nicolet  National  Forests 
represent  the  largest  contiguous  blocks  of 
public  land.   Much  of  the  area's  potential 
for  snowmobiling  exists  on  these  two  Forests. 
The  acreage  essentially  is  unimproved,  but 
old  logging  roads  and  trails  can  be  found 
throughout  the  Forests.   Most  parts  of  the 
two  Forests  are  within  easy  driving  dis- 
tance of  the  study  area's  villages  and 
towns.   In  fact,  any  point  within  the  study 
area  is  within  approximately  100  miles  of 
one  of  the  Forests. 
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Figure  1. — Location  of  the  study  area. 
STUDY  PROCEDURES 

In  November  1973  a  questionnaire,  de- 
signed by  George  Banzhaf  and  Company  of 
Milwaukee,  was  mailed  to  1,200  randomly 
selected  telephone  subscribers  who  resided 
in  Wisconsin  and  Michigan  and  400  predeter- 
mined community  leaders  (George  Banzhaf  and 
Company  1974).   The  questionnaire  was  also 
submitted  to  a  group  of  260  snowmobilers, 
residents  of  the  study  area,  who  were  par- 
ticipating in  a  wildlife-snowmobile  research 
project  at  the  Clam  Lake  Field  Station  of 


the  University  of  Wisconsin  in  February  and 
March  of  1974. 

From  all  completed  questionnaires  re- 
ceived a  sample  was  selected  consisting  of 
those  heads-of-household  who  indicated: 
(1)  they  or  a  member  of  their  family  were 
active  snowmobilers,  and  (2)  they  resided 
within  the  established  study  area.   A  total 
of  225  respondents  met  the  criteria  for  in- 
clusion in  the  sample.   Although  not  ran- 
domly selected,  the  sample  is  considered  to 
be  representative  of  snowmobilers  of  the 
study  area. 


STUDY  RESULTS 

The  "typical"  respondent  was  more  rural 
oriented  than  the  average  resident  of  the 
study  area  and  was  better  off  financially. 
He  lived  on  a  farm  or  in  a  nonfarm  rural 
setting  or  in  a  small  town.   He  was  employed 
as  a  craftsman  or  blue-collar  worker  and 
earned  more  than  $13,000  per  year,  much  more 
than  the  $7,600  average  for  the  area. 

More  than  half  the  respondents  were 
avid  fishermen  and  hunters  (table  1).   Re- 
creational activities  less  intensively  pur- 
sued included,  trail  bike  riding,  snow- 
shoeing,  dune  buggy  riding,  and  canoeing. 
The  low  participation  rates,  especially  on 
a  regular  basis,  for  trail  bike  riding  and 
dune  buggy  riding  indicates  that  the  use  of 
other  off-road  vehicles  is  apparently  not 
widespread  among  the  snowmobilers  surveyed. 

Sixty  five  percent  reported  that  they 
belonged  to  at  least  one  conservation  group 
or  outdoor  recreation  organization.   Mem- 
bership in  snowmobile  clubs  was  the  first- 
mentioned  organization  by  53  percent  of  the 
respondents.   Memberships  in  hunting,  fishing, 
and  sportsmen-related  organizations  were 
mentioned  first  by  8  percent  of  the  respond- 
ents.  The  remaining  clubs  and  organizations 
reported  were  mostly  community-oriented 
groups,  such  as  property  associations  and 
youth  organizations. 

The  respondents  were  asked  to  express 
agreement  or  disagreement  with  several  pol- 
icy statements  regarding  snowmobile  use, 
ranging  between  the  extremes  of  prohibiting 
all  use  to  placing  no  restrictions  on  use 
(table  2). 

Most  respondents  agreed  that  use  should 
be  restricted  to  trails,  that  certain  areas 
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Table  1. — Participation  rates  in  selected  outdoor  recreation 
activities  by  respondents 
(In  percent) 


Activity           : 

Pai 

•ticip 

ation 

rates 

(number 

and  number         : 

of 

times 

past 

3  years) 

of  respondents     : 

None 

Once 

:  2 

to  10 

times 

:  More 

than  10  times1 

Fishing  (N=225) 

11 

2 

27 

60 

Hunting  (N=225) 

28 

2 

28 

58 

Long  hikes  (more  than 

41 

8 

25 

26 

1  mile)  (N=221) 

Short  hikes  (nature 

29 

10 

36 

25 

trails)  (N=224) 

Camping  (N=218) 

24 

11 

41 

24 

Bicycling  (N=220) 

48 

2 

27 

23 

Horseback  riding 

67 

8 

12 

13 

(N=221) 

Trail  bike  riding 

68 

6 

14 

11 

(N=221) 

Snowshoeing  or 

76 

5 

10 

8 

cross-country  skiing 

(N=221) 

Canoeing  (N=22o) 

63 

9 

22 

6 

Dune  buggy  or 

79 

8 

9 

4 

all  terrain  vehicle 

riding  (N=220) 

Considered  to  be  on  a  regular  basis, 


Table  2. — Respondent' s  reaction  to  five  alternatives  for  regulating 
snowmobile  use  on  National  Forest   land 
(In  percent) 


Alternative  and 
number  of 
respondents 

Strongly 
Agree 

Agree 

.  Neutral 

•  Disagree 

i  Strongly 
\   Disagree 

Set  aside  areas  for 

no  use  (N=224) 

39 

46 

6 

6 

3 

Restrict  to  trails 

or  routes  (N=220) 

32 

37 

4 

19 

9 

Allow  use  anywhere 

in 

certain  areas  both 

on 

and  off  trails  (N= 

224) 

12 

40 

12 

23 

13 

Prohibit  all  use  (N 

=  224) 

3 

1 

4 

50 

42 

Do  not  restrict 

use  (N-220) 

3 

10 

2 

46 

39 

should  be  set  aside  where  no  use  is  allowed, 
and  that  use  should  be  allowed  in  certain 
areas  both  on  and  off  trails.   Very  few 
advocated  unrestricted  use  or  prohibiting 
all  use.   Attitudes  were  fairly  clear-cut 
toward  all  but  one  alternative  statement: 
setting  aside  areas  for  use  both  on  and  off 
trails.   Here  there  was  no  strong  consensus. 

On  the  assumption  that  the  greatest 
opposition  to  proposed  regulations  to  limit 
snowmobile  use  would  come  from  snowmobile 
club  members,  responses  from  members  of  such 


groups  were  analyzed  separately.   The  as- 
sumption proved  false — there  was  no  signif- 
icant differences  in  viewpoint  between  mem- 
bers and  nonmembers  (table  3) . 


DISCUSSION 

The  snowmobilers  surveyed  felt  that 
some  types  of  restrictions  were  necessary  on 
snowmobiles  that  operate  on  public  land. 
They  agreed  that  vehicles  should  be  restric- 
ted to  trails  and  that  some  areas  should  be 


. 


Table  3. — Differences  between  respondents 

in  mean  intensity  of  feeling   toward  use 
restrictions 


Alternative 


Mean  scores 


Affiliated  respondents 
(N  =  119) 


Nonaffiliated 

respondents 

(N  =  106) 


Set  aside  areas  for  no  use 
Restrict  to  trails  or  routes 
Allow  use  anywhere  in  certain 
areas  both  on  and  off  trails 
Prohibit  all  use 
Do  not  restrict  use 


0.94 
1.3A 

1.79 
3.29 
3.12 


0.81 
1.27 

1.91 
3.28 
3.13 


Values  range  from  0  to  4.   Value  of  0  indicate  strong  agreement, 
value  of  4  strong  disagreement. 


preserved  for  no  vehicle  use.   But  when  asked 
if  vehicles  should  be  allowed  to  operate 
anywhere  in  certain  areas,  both  on  and  off 
trails,  the  composite  opinion  was  close  to  a 
neutral  or  undecided  stance.   This  stance 
may  be  related,  in  part,  to  the  ambiguity 
of  the  statement.   Nevertheless,  one  might 
suspect  that  snowmobilers  would  strongly 
favor  off-trail  use  on  public  land  and  that 
they  would  be  more  inclined  to  prefer  less 
restrictions.   Apparently,  the  snowmobilers 
surveyed  also  appreciate  other  outdoor  rec- 
reational activities  and  values.   For  exam- 
ple, respondents  surveyed  perceived  them- 
selves as  "outdoor  men"  actively  engaging 
in  hunting  and  fishing  as  recreation  activ- 
ities.  They  may  engage  in  snowmobiling 
because  during  the  winter  few  other  outdoor 
recreation  alternatives  are  available. 

Membership  in  snowmobile  clubs  did  not 
have  a  statistically  significant  influence 
on  attitudes  toward  the  suggested  management 
alternatives.   However,  research  results 
have  shown  that  advocacy  organizations,  such 
as  snowmobile  clubs,  are  formed  to  present 
the  views  of  members  on  specific  local 
problems  (Irland  and  Vincent  1974).   Typ- 
ically, snowmobile  clubs,  through  their 
spokesmen,  express  great  concern  about  pro- 
posed regulations  to  delimit  the  area  in 
which  snowmobiles  are  allowed  to  operate. 
Perhaps  in  the  future,  affiliation  with 
snowmobile  clubs  will  be  more  important  to 
the  individual  snowmobiler.   Two  major  fac- 

•  tors  point  in  that  direction.   First,  there 
is  an  apparent  leveling  off  in  the  number 
of  novice  snowmobilers  (Knopp  and  Tyger 
1973).   Second,  the  present  trend  in  reg- 

,  ulating  snowmobile  use  appears  to  be  toward 
c  designating  use  areas.   So,  the  need  for  a 

*  more  uniform  and  pragmatic  mechanism  to 
advocate  the  goals  of  snowmobilers  will 
probably  increase.   The  recent  growth  in  the 


number  of  snowmobile  user  organizations  and 
members  suggests  that  snowmobilers  are,  in 
fact,  becoming  more  organized.   In  Wisconsin, 
such  groups  currently  represent  approxi- 
mately 47  percent  of  all  snowmobilers 
(Wisconsin  Department  of  Natural  Resources 
and  Upper  Great  Lakes  Regional  Commission 
1974) .   Given  a  continued  increase  in  mem- 
bership, public  land  managers  may  be  des- 
tined to  face  increasingly  organized  pres- 
sures from  snowmobilers  for  what  they  per- 
ceive to  be  their  fair  share  of  the  action. 


CONCLUSIONS 

The  rapid  growth  of  the  use  of  snow- 
mobiles in  the  late  1960's  and  early  1970's 
has  begun  to  subside — the  popularity  of 
snowmobiling  seems  to  be  leveling  off. 
However,  the  management  concerns  related  to 
the  use  of  snowmobiles  on  public  land  are 
still  prevalent. 

Our  study  indicates  that  snowmobilers 
as  a  group  hold  no  radical  viewpoints,  one 
way  or  the  other,  on  snowmobile  use.   They 
would  seem  to  be  amenable  to  reasonable 
regulations  regarding  the  use  of  their  ve- 
hicles.  This  attitude  should  encourage  and 
guide  land  managers  in  making  decisions 
concerning  snowmobile  use. 
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DISTRIBUTION  OF  THE  CONE  INSECT,  DIORYCTRIA  DISCLUSA, 
IN  RED  PINE 


William  J.  Mattson 


In  North  and  Central  America,  at  least 
12  species  of  Dioryctria   moths  attack  the 
reproductive  structures  of  conifers,  espe- 
cially the  diploxylon  or  "hard"  pines 
(Barcia  and  Merkel  1972,  Mutuura  and  Munroe 
1972,  Coulson  et  at.    1972).  Many  are  no- 
torious for  their  destruction  of  cones  in 
seed  orchards  and  seed  production  areas 
(Mattson  1968,  Sartor  and  Neel  1971, 
Coulson  and  Franklin  1970). 

The  general  biology  and  ecology  of 
cone  feeding  Dioryctria   species  are  fairly 
well  established  (Barcia  and  Merkel  1972). 
However,  detailed  information  is  lacking 
about  their  host  selection  processes  and 
spatial  distributions.   The  distributions 
of  insects  both  within  and  among  trees  are 
assumed  to  follow  the  distributions  of 
their  foods,  which  in  addition  to  cones, 
may  include  buds,  shoots,  cankers,  and  male 
strobili. 


In  red  pine,  Pinus  resinosa   Ait. ,  early- 
stage  larvae  of  D.    disalusa   Heinrich  feed 
in  male  strobili  for  about  two  weeks,  i.e. 
antil  the  strobili  have  begun  to  desiccate 
severely  after  dissemination  of  pollen 
(Lyons  1957a)  after  which,  the  larvae 
search  for  year-old  cones.   Each  late- 
stage  larva  needs  at  least  2  cones  to  com- 
plete development  in  species  (which  have 
small  cones)  such  as  red,  jack,  P. 
banksiana   Lamb.,  and  Scots,  P.  sylvestris 
L.,  pines.   Rarely  do  larvae  share  cones 
axcept  when  feeding  is  virtually  completed 
and  they  have  begun  to  pupate. 

If  D.   disclusa   larvae  follow  their 
ood,  a  question  arises  about  which  food 
Ls  followed  because  male  and  female  strobili 


have  different  spatial  distributions.   For 
example,  male  strobili  occur  predominantly 
in  the  lower  one-half;  female  strobili  in 
the  upper  one-half  crown  (Matthews  1963, 
Hard  1964) .  Trees  also  vary  greatly  in 
their  capacities  to  produce  each  type  of 
strobili.   Nonvigorous  or  shaded  trees  can 
often  produce  an  abundance  of  male  but 
not  many  female  strobili  (Matthews  1963, 
1969).  Whereas,  open-grown  trees  can  usu- 
ally produce  large  crops  of  both  kinds  of 
strobili  (Matthews  1969,  Puritch  1972). 
Furthermore,  there  is  a  temporal  distri- 
bution problem  in  trees  that  are  capable 
of  producing  both  kinds  of  strobili:   How 
often  is  the  abundance  of  male  strobili 
correlated  with  the  abundance  of  year-old 
female  strobili?  This  is  not  known. 

The  cues  females  respond  to  when  se- 
lecting trees  for  oviposition  are  unknown. 
One  would  expect  them  to  select  trees  with 
an  abundance  of  future  food  because  com- 
petition for  food  among  red  pine  cone  in- 
sects can  be  severe  (Lyons  1957b,  Mattson 
1968,  1971).   Asher  (1970)  provided  evi- 
dence that  Dioryctria   moths  may  be  able  to 
detect  trees  bearing  potentially  large 
cone  crops  when  he  discovered  that  electro- 
antennograms  of  D.    abietella    (D.&S.)  are 
highly  responsive  to  certain  volatile  ex- 
tractants  from  conelets  of  slash  pine,  P. 
elliotii   Engelmann. 

At  the  time  of  oviposition  (late  July 
for  D.    disclusa   in  the  northern  Great  Lakes 
region) ,  there  are  both  cones  and  conelets 
on  the  trees  but  only  few  desiccated  male 
strobili.   Therefore,  if  females  orient  to 
food  per  se  when  seeking  oviposition  sites, 
it  must  be  to  either  cones,  conelets,  or 
both. 


The  objectives  of  this  study  were 
threefold:   (1)  to  compare  the  distribu- 
tion of  larvae  with  that  of  their  food  both 
within  and  among  trees,  and  (2)  to  deter- 
mine the  significant  sources  of  variation 
in  insect  densities  in  order  to  facilitate 
future  insect  sampling,  and  (3)  to  relate 
cone  damage  among  trees  to  food  and  insect 
abundance. 


METHODS 

In  1967,  I  studied  the  within-tree 
distributions  of  early  and  late  larvae  and 
male  and  year-old  female  strobili  at  the 
Birch  Hill  seed  production  area  (SPA)  (64 
years,  65  ft.,  63  stems/acre)  in  Itasca 
Co.,  Minn.   During  1968-1970  I  studied  the 
between-tree  distributions  of  these  same 
variables  (excluding  small  larvae)  at  the 
Birch  Hill  and  Portage  Lake  SPA  (57  yrs, 
63  ft.,  113  stems/acre)  about  8  miles 
away.   In  1973  and  1974  I  measured  only 
cone  damage  and  cone  abundance/tree  at  the 
Birch  Hill  SPA. 

Each  year,  I  systematically  selected 
10  sample  trees  on  a  transect  through  the 
center  of  the  SPAs.   I  divided  the  crown 
of  each  tree  on  the  basis  of  crown  thirds 
(upper,  middle,  lower)  and  directional 
quadrants  (N,  E,  S,  W)  into  12  cells. 
Within  each  cell  I  selected  a  branch  at 
random  for  counting  larvae  and  strobili. 
I  sampled  early  larvae  and  male  strobili 
during  the  first  week  of  June,  and  late 
larvae  and  female  strobili  (cones)  in  mid 
July.   To  estimate  the  total  number  of 
larvae  and  strobili/tree,  I  multiplied  the 
mean  number  of  items/branch  in  each  level 
by  the  total  number  of  branches  in  that 
level  and  then  summed  levels. 


To  detect  differences  in  the  densities 
of  larvae  and  strobili  among  crown  levels 
and  directions,  I  performed  analyses  of 
variances  on  the  1967  data.  All  data  were 
transformed  to  their  log  counterparts  to 
stabilize  variances.   Next  I  pooled  the 
raw  data  and  segregated  it  by  crown  levels 
to  compare  the  observed  frequency  distri- 
butions of  insect  counts/branch  with  the 
calculated  negative  binomial  distribution 
of  same.   To  relate  the  distribution  of 
insects  among  trees  to  food  abundance,  I 
used  scatter  diagrams  and  various  regres- 
sion analyses  where  insects  were  the  de- 
pendent variable  and  food  was  the  inde- 
pendent variable.   Similar  methods  were 
used  to  relate  the  distribution  of  cone 
damage  among  trees  to  food  and  insect 
abundance. 
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RESULTS 

Within  Tree  Distributions:  Early  and 
Late  Larvae,  Male  Strobili  and  Cones 

Differences  in  the  densities  of  both 
early  larvae  and  male  strobili  per  branch 
were  significant  (p  -  0.01)  among  upper  and] 
middle  and  upper  and  lower  crown  levels 
(Uppera  <  Middleb  =  Lowerb) '  (table  1). 
In  contrast,  differences  in  the  densities 
of  late  larvae  were  significant  among 
lower  and  middle  and  lower  and  upper  crown 
levels  (Uppera  -  Middlea  >  Lower^) .   Cone 
densities  were  different  only  between  lower 
and  middle  levels,  and  had  the  same  density 
pattern  among  levels  as  late  larvae. 


1 Variables  with  the  same  subletter  are 
not  significantly  different.      (p   -  0.05). 


Table  1. — Mean  number  of  D.  disclusa  larvae  and  reproductive 
structures  per  branch  by  direction  in  different  crown  levels 
at  the  Birch  Hill  Seed  Production  Area  in  1967,   n=  10  trees 
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Items  per  branch 


Upper 


Middle 


Lower 


N 


w 


N 


W 


N 


W 


Male  strobili  (MS) 
Early-stage 

larvae  (Lj) 
Second-year 

cones  (C) 
Late-stage  larvae 

and  pupae  (L2) 
Cones  attacked 

by  D.    disclusa 

in 


4.5    1.6    3.9    1.5 
0.8    0.5    0.9    0.7 


7.0 
1.1 
3.5 


6.5    9.1 
1.3    1.4 

4.3    4.7 


6.0 
0.9 
2.3 


2.9  29.9  30.3  30.5  36.5  31.8  44.4  26.5  35.9  35.6  36.5 

0.7  4.8  4.1  6.4  6.4  5.4  3.0  2.4  4.3  2.8  3.1 

7.1  11.2  8.3  15.6  4.6  10.5  4.8  3.4  6.9  3.0  4.5 

1.2  2.8  0.6  3.1  1.5  2.0  0.5  0.4  0.5  0.5  0.5 
3.7  6.4  4.3  8.1  3.3  5.5  2.1  1.8  2.7  1.9  2.1 


Among  directional  quadrants,  there 

are  no  significant  differences  in  den- 

>     >     > 
Lties  except  for  cones  (Sa  -  Nab  -  Ebc  - 

:)• 

Frequency  distributions  of  insect 
unts/branch  conformed  to  the  negative 
nomial  (NB)  distribution  in  all  but  one 
stance  (large  larvae  in  midcrown)  (table 
The  exponent  of  k  value  of  the  NB  was 
allest  for  early  larvae  in  the  upper 
vel  and  for  late  larvae  in  the  lower 
vel.   This  indicates  that  the  larvae 
re  aggregated  most  in  these  levels 
aters  1959). 


ble  2. — Statistics  relating  branch  samples 
of  D.  disclusa  in  different  crown  levels 
to  the  negative  binomial    (N.B.)   distri- 
bution.    Chi-square  values  along  with 
probability   (p)  of  a  larger  value  in- 
dicate the  degree  of  correspondence  be- 
tween the  observed  frequency  distribu- 
tion of  larvae /branch  and  the  calculated 
N.B.   distribution  of  same 


SMALL  LARVAE 


sample  years  as  shown  in  the  following 
regressions: 
1967  log(L2) 


Sample 

Lower 

Middle 

Upper 

i 

tatistics   : 

crown 

crown 

crown 

ariance 

7.6 

40.1 

1.7 

jan  - 

3.1 

5. A 

0.7 

values2 

2.18 

0.60 

0.28 

li-square 

7-2  (P< 

30) 

8.0  (p< 

.50) 

5.7  (p< 

.30) 

LARGE  LARVAE 

iriance 

1.0 

6.6 

2.5 

:an 

0.5 

2.0 

1.2 

values 

0.26 

0.45 

0.72 

li-square 

5.5  (p< 

20) 

19.5  (p< 

.03) 

6.6  (p< 

.30) 

n=40  and  n=56  for  each  crown  level  sample  of 
nail  larvae  and  large  larvae  respectively. 

k  values  are  the  exponents  of  the  negative 
Lnomial  model  and  were  calculated  using  method 
or  2  of  Anscorabe  (1949)  whichever  was  appropriate. 


Among  Tree  Distributions: 
Early  and  Late  Larvae 

Among  trees,  early  larvae  showed  no 
lationship  with  cones  (C)  but  did  show 
significant  (p  -  0.05)  linear,  positive 
rrelation  (r  =  0.62)  with  male  strobili 
S). 

Late  larvae  (L2)  were  only  weakly  re- 
ted  to  C  (figure  1).   In  1967,  for  ex- 
iple,  L2  reached  a  peak  at  medium  cone 
nsities.   In  all  other  years,  however, 
i  both  Birch  Hill  and  Portage  Lake  there 
la  no  apparent  relation  between  L2  and 
S  L2  was  related  to  MS  in  only  2  of  5 


1968 


L2 


a  +  b(CxMS)  +  c(MS) 

+  d(C) R2=0.74 

a  +  b(CxMS) 

+  c(MS) R2=0.81 


The  importance  of  a  variable  is  indi- 
cated by  its  order  in  the  equation  (i.e. 
CxMS  >  MS  >  C) .   C  and  MS  were  not  cor- 
related In  4  of  5  years. 

Cone  Damage  in  Relation 
to  Food  Abundance/Tree 

Numbers  of  cones  attacked/tree  (Y) 
exhibited  a  significant  (p  -  0.05)  positive, 
linear  correlation  with  cone  abundance  (C) 
in  6  of  9  years  (figure  2).   In  3  years 
(1969,  1973,  1974)  at  Birch  Hill,  the  cor- 
relations were  clearly  positive  but  only 
approached  significance.   The  highest  cor- 
relations occurred  (in  1970  at  Portage 
Lake  and  Birch  Hill)  when  population  in- 
tensities (numbers  relative  to  food)  were 
highest  and  second  highest  respectively. 
The  weakest  (nonsignificant)  correlations 
occurred  in  those  years  when  population 
intensities  were  low  (1969,  1973,  1974). 

Merkel  et  al.    (1965)  as  well  as 
Coulson  and  Franklin  (1968,  1970)  also  re- 
ported positive,  linear  correlations  be- 
tween Y  and  C  for  various  species  of 
Dioryctria   in  slash  and  short  leaf  pines. 
Stiell's  (1971)  data  likewise  showed  a 
positive,  linear  correlation  between  Y  and 
C  for  D.    disclusa   in  red  pine  plantations. 


Consequently,  the  evidence  indicates 
that  Y  often  shows  a  positive  linear  re- 
lationship to  C:  Y=  -a  +  b(C).   Therefore, 
percentage  cone  damage/tree  (Y/C)  will 
either  increase  or  decrease  to  an  asymp- 
tote (b)  depending  on  the  sign  of  the  inter- 
cept (a).   Theoretically,  the  sign  of  a 
should  be  negative  because  Y  becomes  zero 
before  C  does.   Therefore,  percentage 
damage  should  increase  slightly  with  in- 
creasing C  and  eventually  approach  an  as- 
ymptote, as  Stiell's  (1971)  data  showed 
for  red  pine.   On  the  other  hand  this  con- 
flicts with  a  report  by  Merkel  et  al. 
(1965)  which  showed  that  percentage  damage 
declined  with  C.   However,  the  correlations 
between  percentage  damage  and  C  in  Merkel 
et  al.    (1965)  were  significant  in  only  1 
of  3  years.   Percentage  damage  and  C,  in 
this  study,  showed  slight  negative  cor- 
relations in  7  of  9  years  and  slight  pos- 
itive correlations  in  the  other  2  years. 
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Figure  1. — Numbers  of  late-stage   Dioryctria  disclusa  larvae  per  tree 
in  relation  to  numbers  of  cones  per  trees  in  three  different 
years  at  the  Birch  Hill  seed  production  area. 
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However,  none  were  statistically  signif- 
icant.  This  agrees  with  the  data  of 
Coulson  and  Franklin  (1970).   Consequently, 
the  bulk  of  evidence  suggests  that  percent- 
age damage  varies  only  slightly  with  C  once 
cone  crops  exceed  the  very  nominal  levels. 


Because  MS  was  important  in  explaining 
the  distribution  of  early  and  late  larvae 
among  trees  in  some  years,  I  incorporated 
it  along  with  C  in  a  regression  on  Y.   The 
best  equation  took  the  form:  Y  =  a  +  b(C) 
+  c  log(MS).   However,  log(MS)  made  a  sig- 
nificant contribution  to  the  regression  in 
only  2  of  5  years  data  (1967,  1969  at  Birch 
Hill) .   This  suggests  that  Y  varies  from 
tree  to  tree  in  a  linear  relationship  to 


C  and  a  logarithmic  relationship  to  MS. 
MS  is  probably  most  important  when  it  is 
small  (<1000/tree) . 


Cone  Damage  in  Relationship 

to  Cone  and  Early 

Larval  Abundance/Tree 

Based  upon  Holling  (1966),  Y's  increase 
relative  to  C's  could  be  either  (1)  linear 
up  to  a  plateau  or  (2)  negatively  accelerated 
up  to  a  plateau,  if  numbers  of  larvae/tree 
were  constant.   Y,  however,  is  not  only  a 
function  of  C  but  also  of  L  (the  number  of 
early  larvae/tree) .   In  turn,  L  appears  to 
be  related  to  MS. 
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Figure  2. — Numbers  of  cones  per  tree  attacked  by 

Dioryctria  disclusa  in  relationship  to  total  cones 
available  per  tree  in  different  years  at  the  Birch 
Hill  and  Portage  Lake  seed  production  areas. 


Watt  (1959)  formulated  a  general, 
mathematical  model  to  characterize  the  re- 
lationship between  the  number  of  prey 
attacked  and  the  densities  of  both  prey 
and  predators.   His  model  can  be  applied 
to  cones  and  cone  insects  as  follows: 

Y  =  kL  (l-exp(-aCL1_b)) 

Where  Y  is  the  number  of  attacked  cones; 
C,  total  cones;  and  L,  total  early  larvae/ 
tree,   k  is  the  maximum  number  of  cones 
that  each  larva  can  attack,  and  a  and  b 
are  parameters  for  the  specific  case.   The 
model  says  that  Y  increases  along  with  C 
and/or  L  and  eventually  plateaus.   In- 
creases in  C  alone  cause  Y  to  approach  the 
maximum  (the  asymptote)  defined  by  kL. 
Increases  in  L  alone,  raise  the  maximum 
potential  damage  (i.e.  the  asymptote  de- 
fined by  kL)  and  allows  Y  to  approach  the 
limit  determined  by  C.   The  parameter,  b, 
has  a  depressing  effect  on  Y  as  it  in- 
creases, and  theoretically  reflects  the 
interference  or  competition  that  results 
as  L  increases.   For  example,  as  L  in- 
creases, the  probability  of  each  larva 


attacking  k  cones  decreases.  Watt's  model 
can  probably  account  for  some  of  the  ob- 
served variation  in  the  simple  relationship 
between  Y  and  C  (figure  2) .   When  L  is 
large  relative  to  C  (i.e.  population  in- 
tensity is  high),  for  example,  Y  appears 
to  be  a  linear  function  of  C  because  most 
cones  are  attacked.   When  L  is  small  rel- 
ative to  C,  Y  becomes  a  function  of  kL; 
thus  Y  shows  little  relationship  to  C. 

My  attempts  to  fit  the  1967  Birch  Hill 
data  to  Watt '8  model  were  not  successful^, 
so  I  modified  the  model  by  replacing  L 
with  exp(-mL): 

Y  -kL(l-exp(-aC  exp(-mL))) 

In  general,  the  consequence  of  such  a 
change  will  be  a  more  severe  depression  of 
the  predation  potential  per  predator  for 
any  given  predator  density.   It  implies 
greater  interference  among  predators. 
This  model  accounted  for  84  percent  of  the 
variation  in  Y.   Parameters  were  as  follows: 


! 


k=4,  a=0. 00138,  m=0. 00232.   The  fact  that 
the  modified  model  fit  the  data  (even 
though  it  was  only  for  a  single  year)  sug- 
gests that  it  or  the  Watt  model  may  be 
generally  applicable  to  cone  predation  by 
insects.   This,  of  course,  remains  to  be 
tested. 


DISCUSSION 

Survival  of  D.    disolusa   appears  to  be 
particularly  sensitive  to  the  proper  spa- 
tial and  temporal  distribution  of  food. 
They  depend  on  a  fortuitous  combination  of 
events:   adequate  crops  of  male  strobili 
and  year-old  cones  both  in  the  same  tree 
at  the  same  time.   The  abundance  of  male 
strobili  and  cones  are  seldom  correlated, 
however.   Thus  it  is  probably  common  for 
one  food  or  the  other  to  be  a  limiting  fac- 
tor.  I  speculate  that  highest  insect  sur- 
vival and  population  densities  will  occur 
in  open  grown  forests  and  at  forest  edges 
where  (1)  a  greater  proportion  of  trees 
are  capable  of  producing  both  types  of 
strobili,  and  (2)  the  annual  production  of 
strobili/tree  is  greater  and  more  consistent, 
Within  trees,  I  speculate  the  highest  in- 
sect survival  and  densities  will  occur  in 
the  midcrown  regions  where  (1)  a  greater 
proportion  of  individual  branches  will  bear 
both  kinds  of  strobili,  and  (2)  the  annual 
production  of  strobili  is  greater  and  more 
consistent. 

This  study  revealed  that  D.    disolusa 
and  its  foods  can  be  sampled  simultaneously 
using  the  same  sources  of  stratification 
(levels,  directions  and  trees).   Crown 
levels  proved  to  be  an  important  source  of 
variation  for  all  variables.   Directional 
quadrants  were  an  important  source  of 
variation  for  cones  and  probably  late  lar- 
vae, but  not  for  male  strobili  or  early 
larvae. 

Insect  counts  per  branch  and  per  tree 
were  overdispersed,  not  random  distribu- 
tions as  evidenced  by  the  fact  that  the 
variance  of  counts  tended  to  increase  with 
insect  density.   For  example,  for  large 
larvae  per  tree,  the  standard  deviation 
(SD)  of  counts  =  12.1  +  .46 (mean  number 
larvae/tree)  where  r  -.86.   To  estimate 
the  number  of  sample  trees  (n)  needed  to 
achieve  a  desired  level  of  sampling  pre- 
cision ((S.E./mean)=k)  in  estimating  the 
mean  number  of  late- larvae/tree,  the  fol- 
lowing formula  can  be  used: 


.  [12.1  +  .46(mean)]2 


kz  meanz 


When  densities  are  low  (about  20/tree) , 
to  achieve  a  population  estimate  with  a 
standard  error  (S.E.)  roughly  15  percent  of 
the  mean  (k=.15),  one  would  need  to  sample 
about  50  trees.   To  achieve  the  same  pre- 
cision when  densities  average  about  100/ 
tree,  one  would  need  to  sample  about  15 
trees. 
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MECHANIZED  THINNING  OF  NORTHERN  HARDWOOD  POLE  STANDS 
METHODS  AND  ECONOMICS 

Frank  E.  Biltonen,  William  A.  Hillstrom, 
Helmuth  M.  Steinhilb,  and  Richard  M.  Godman 


THE  PROBLEM 

There  are  approximately  32  million 
cres  of  northern  hardwood  forest  types  in 
he  eastern  United  States,  or  9  percent  of 
he  forest  land  area  (Quigley  and  Morgan 
968) .   Since  the  removal  of  the  original 
orthern  hardwood  forest  by  commercial 
learcutting,  most  of  this  area  has  grown 
ack  into  second-growth  forests  that  are 
redominantly  stocked  with  saplings  and 
oles. 

Although  silviculturists  have  shown 
hat  early  and  repeated  thinnings  will  in- 
rease  both  the  future  volume  and  quality 
f  these  dense  pole  stands,  most  landowners 
re  discouraged  from  thinning  because  there 
s  no  immediate  monetary  return  under  the 
Id  thinning  methods.   If  the  thinnings  and 
efective  trees  could  be  efficiently  and 
conomically  harvested,  then:   (1)  land- 
wners  would  have  a  monetary  incentive  to 
hin;  (2)  their  stands  would  produce  more 
nd  better  quality  timber  in  the  future; 
nd  (3)  the  increasing  needs  for  more  hard- 
ood  pulp  could  be  met  by  thinnings  and 
efective  trees  so  that  the  better  trees 
ould  be  used  for  lumber  and  veneer. 

Modern  logging  equipment  has  made  it 
rofitable  to  harvest  smaller  volumes  of 
orest  products.   Smaller,  more  mobile  field 
Kippers  make  on-site  chipping  more  feasible, 
ighly  maneuverable,  articulated  feller- 
unchers  with  accumulating  shears  permit 
apid  felling  and  bunching  of  trees  for  ef- 
icient  pickup  by  grapple  skidders .   An  in- 
entive  to  utilizing  logging  residue  is  the 
rogress  made  by  the  Forest  Engineering 
aboratory,  Houghton,  Michigan,  in  removing 
ark  from  whole-tree  chips.   This  bark  re- 
oval  process  makes  it  possible  to  utilize 
hinnings  for  producing  high-grade  pulp 
Arola  and  Erickson  1973,  Mattson  1975). 

There  has  been  limited  research  on 
oth  individual  tree  selection  and  strip 
hinning  using  mechanized  equipment  in 
atural  forests.   Zasada  and  Benzie  (1970) 


worked  with  strip  thinning  and  recovery  of 
material,  but  they  used  chain  saws  and 
choker  skidders.   Morey  (Bryan  1975)  used 
mechanized  equipment  primarily  in  individ- 
ual tree  selection.   Hooker  (1955)  did 
strip  thinning  without  the  aid  of  modern 
equipment.   In  the  present  study,  previ- 
ously tested  methods  were  combined  with 
modern  equipment. 

PURPOSE 

In  general,  the  purpose  of  this  study 
was  to  determine  the  cost  of  thinning,  chip- 
ping, and  transporting  second-growth,  north- 
ern hardwood  pole  stands  using  a  completely 
mechanized  system. 

The  specific  objectives  were:   (1)  To 
determine  ways  of  increasing  the  productiv- 
ity of  equipment  for  thinning  that  is  nor- 
mally used  for  clearcutting  and  whole-tree 
chipping.   (2)  To  evaluate  the  damage  to 
the  residual  stand  caused  by  the  harvesting 
equipment.   (3)  To  determine  the  best  thin- 
ning method.   (4)  To  determine  the  cost  of 
mechanized  thinning  in  a  northern  hardwood 
stand  when  the  cut  material  is  recovered 
and  utilized. 


METHODS 

Description  of  the  Stand 

A  50-acre,  predominantly  pole-size 
stand  of  mixed  species  containing  a  few 
holdover  saw  log  trees  (fig.  1),  was  selec- 
ted in  the  Mishwabic  State  Forest  in 
Michigan's  Upper  Peninsula.   The  soil  was  a 
sandy  loam.   The  topography  was  essentially 
flat  with  very  minor  changes  in  elevation. 


^Provided  by  the  Michigan  Department 
of  Natural  Resources  on  the  NW  h  of  section 
Z6,    T51N,   RZ7W,   Ontonagon  County.      The  State 
of  Michigan  and  the  Ahonen  Lumber  Company 
of  Ironwood  cooperated  in  this  study  with 
the  North  Central  Forest  Experiment  Station. 
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Figure  1. — Typical  view  of  stand  as  it  appeared  before  thinning. 


The  stand  was  bisected  into  two  blocks  by  a 
dirt  road  that  extended  \  mile  south  to  a 
blacktop  highway.   Each  block  was  1,650 
feet  long  parallel  to  the  road  and  660  feet 
deep  perpendicular  to  the  road.   Each  of 
these  two  blocks  was  then  subdivided  into 
five  plots.   Each  plot  was  330  feet  wide 
and  660  feet  deep  perpendicular  to  the  road 
and  contained  5  acres.  A  landing  was 
cleared  at  each  end  of  the  area,  adjacent 
to  the  woods  road  (fig.  2). 

A  preliminary  survey  indicated  13  cords 
of  hardwood  pulpwood  and  2,700  board  feet 
of  small  saw  logs  per  acre  (table  1).   Basal 
area  was  about  100  square  feet  per  acre  in 
trees  6  inches  d.b.h.  and  larger.   Ring 
counts  made  on  a  few  of  the  larger  trees 
revealed  that  the  virgin  hardwood  timber 
had  been  heavily  cut  in  the  late  1920 's  and 
early  1930' s.   Tree  diameters  ranged  from 
less  than  2  inches  d.b.h.  through  28  inches. 


Thinning  Treatments 
There  were  five  thinning  treatments: 

(1)  Strip  thinning,  mechanical  felling, 
and  skidding  to  landing  (Plots  A-l,  A-2) . 

(2)  Selection  thinning2,  chain  saw  fell- 
ing, and  no  skidding  (Plots  B-l,  C-l). 

(3)  Selection  thinning,  mechanical  fell- 
ing, and  skidding  (Plots  D-l,  D-2) . 

(4)  Strip  thinning  with  selection  thin- 
ning between  strips,  mechanical  felling, 

and  skidding  to  landing  (Plots  E-l,  E-2) . 

(5)  Shelterwood  thinning,  mechanical 
felling,  and  skidding  to  landing  (Plots 
B-2,  C-2) .   Thinning  patterns  were  apparent 
both  from  the  air  (fig.  3)  and  on  the  ground 
(fig.  4). 


2 'Selection  thinning  is  also  referred  to 
as  "individual  tree  selection. " 
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THINNING  PATTERNS 

SEC    36,  TSIN,  R37W 
ONTONAGON  COUNTY,  MICHIGAN 


LEGEND 

PLOT  A-l   MECHANICAL   STRIP   THINNING,  SKID  TO  LANDING 

PLOT  A-2  MECHANICAL   STRIP   THINNING,  SKID  TO  LANDING. 

PLOT  B-l  SELECTION    THINNING,  CHAIN  SAW  FELL.  TREES  NOT  SKIDOED. 

PLOTS  B-2  +  C-2  SHELTERWOOO  THINNING,  MECHANICAL  FELLING  AND  SKID 

PLOT  C-l  SELECTION  THINNING.  CHAINSAW  FELLING,  TREES  NOT  SKIDDED 

PLOTS  0-1  +  0-2  SELECTION  THINNING,  MECHANICAL  FELLING  AND  SKID 

PLOTS  E-l+E-2  STRIP   THINNING  WITH   SELECTION  THINNING  BETWEEN 
STRIPS,  MECHANICAL  FELLING,  SKID  TO  LANDING 

Figure  2. — Layout  of  plots  and  thinning  patterns,   Section  36,   T51N, 
R37W,   Ontonagon  County,   Michigan. 


Table  1. — Stock  and  stand  table   (per  acre)  for  entire  50  acres  before 

thinning 


D.b.h. 

Sugar 

naple 

Red  maple 

Other  species' 

Totals 

:   Volume 

Volume 

Volume 

(Inches) 

Trees 

:  Volume 

:  (25  percent 
:  of  trees) 

Trees 

: Volume 

(55 
of 

percent 
trees) 

Trees 

: Volume 

(20 
of 

percent 
trees) 

Trees 

: Basal  area 

Volume 

Volume 

No. 

Cords 

Bd.    ft. 

No. 

Cords 

Bd.    ft. 

No. 

Cords 

Bd.    ft. 

No. 

rt.2 

Cords 

Bd.    ft. 

5-  9 

35.32 

1.65 

— 

83.72 

4.08 

— 

17.55 

1.16 

— 

136.59 

37.49 

6.89 

— 

10-14 

13.17 

1.07 

295 

34.54 

3.42 

J84 

21.38 

1.68 

485 

69.09 

45.55 

6.17 

1,164 

15-19 

4.46 

0.06 

707 

1.62 

0.08 

204 

3.42 

0.29 

383 

9.50 

14.63 

0.43 

1,294 

20+ 
Total 

0.55 

-- 

125 

0.10 

— 

23 

0.32 

-» 

66 

0.97 

2.29 

— 

214 

53.50 

2.78 

1,127 

119.98 

7.58 

611 

42.67 

3.13 

934 

216.15 

99.96 

13.49 

2,672 

In  the  western  Upper  Peninsula  of  Michigan  these  second  growth  hardwood  stands  are  primarily  composed  of  sugar  maple 
(Acer  saccharum) ,  red  maple  (Acer  rubrum) ,  and  yellow  birch  (Betula  alleghaniensis) .     There  are  lesser  amounts  of  black 
ash  (Fraximus  nigra),   American  elm  (Ulmus  americana) ,  black  cherry  (Prunus  serotina) ,  hemlock  (Tsuga  canadensis),   balsam 
fir  (Abies  balsamea) ,   and  red  oak  (Quercus  rubra).     The  maple,  oak,  birch,  and  cherry  are  valuable  commercial  species 
commanding  a  high  price  when  saw  log  size. 
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Figure  3. — Aerial  view  of  thinned  site. 


Strip  thinning. — Plot  A-l  was  strip- 
thinned  with  eleven  10-foot-wide  strips  lo- 
cated 32  feet  apart  from  center  line  to  cen- 
ter line.   All  trees  within  the  10-foot 
strips  were  paint-marked  for  cutting  by  in- 
cluding all  trees  within  5  feet  of  a  compass- 
located  center  line.   No  cutting  was  done  on 
the  22-foot  areas  between  the  10-foot  strips, 
The  trees  were  cut  by  the  f eller-buncher, 
beginning  at  the  end  of  the  strips  adjacent 
to  the  road.   Felled  trees  were  bunched 
with  the  butts  facing  the  road  to  facilitate 
skidding  the  full  trees  to  Landing  I  with 
the  grapple  skidder.   Because  the  original 
basal  ar*ea  of  A-l  was  111  square  feet  per 
acre  in  trees  6  inches  and  over,  and  because 
the  clearcut  strips  occupied  33  percent  of 
the  area  of  plot  A-l,  the  basal  area  of  the 
stand  after  cutting  was  therefore  assumed 


to  be  74  square  feet  per  acre  in  trees  6 
inches  and  larger. 


Plot  A-2  was  very  similar  to  A-l  except 
that  allowances  were  made  for  the  slight 
difference  in  original  basal  area.  A-2  was 
strip-thinned  with  nine  10-foot-wide  strips 
located  40  feet  apart  from  center  line  to 
center  line.  All  trees  within  the  10-foot 
strips  were  paint-marked  for  cutting,  and 
no  cutting  was  done  on  the  30-foot  areas 
between  the  cut  strips.   The  strips  were 
cut  by  the  f eller-buncher  beginning  at  the 
ends  of  the  strips  adjacent  to  the  road. 
Trees  were  bunched  with  butts  facing  the 
road  and  skidded  to  Landing  II  with  the 
grapple  skidder.   The  original  stand  had  a 
basal  area  of  92  square  feet  per  acre  in 
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Figure  4. — Ground  view  of  thinned  site. 


:rees  6  inches  d.b.h.  and  larger.   The  clear- 
ut  strips  occupied  27.27  percent  of  the 
irea  of  plot  A-2,  leaving  a  basal  area  after 
cutting  of  67  square  feet  per  acre. 

Selection  thinning. — Plots  B-l  and  Ol 
rfere  marked  for  selection  thinning  by  paint- 
ing "leave"  trees  to  a  residual  basal  area 
of   73  square  feet  per  acre.  The  trees  (in- 
cluding saplings)  were  felled  by  chain  saw 
ind  were  not  removed  from  the  area.  This 
practice  is  similar  to  a  commonly  used  tim- 
?er  stand  improvement  (tsi)  procedure  ex- 
cept that  in  tsi  work  trees  are  marked  to 
Eell,  leaving  most  saplings  uncut.  During 
narking,  plots  were  subdivided  into  marking 
Units  a  chain  square  to  assure  uniformity 
in  stand  conditions  and  residual  basal  areas. 

Selection  thinning   (Mechanical  fell- 
ing),— Plots  D-l  and  D-2  were  marked  for 


selection  thinning  by  painting  the  residual 
trees  to  a  basal  area  of  67  square  feet  per 
acre  in  trees  6  inches  d.b.h.  and  larger. 
Trees  to  be  cut  were  felled  with  the  feller- 
buncher,  placed  with  the  butts  facing  the 
road,  and  moved  to  landings  with  the  grap- 
ple skidder.   Plot  D-l  was  skidded  to  Land- 
ing II  and  D-2  to  Landing  I. 

Strip-thinning  with  selection  between 
strips. — Plots  E-l  and  E-2  were  btrip- 
thinned  with  five  10-foot-wide  cut  strips. 
All  trees  within  the  10-foot  strips  were 
paint-marked  for  cutting,  and  "leave"  trees 
in  the  70-foot  areas  between  strips  were 
paint-marked  and  tallied  to  0.1-inch  d.b.h. 
for  a  selection  thinning.  The  residual 
basal  area  was  57  square  feet  per  acre  in 
trees  6  inches  d.b.h.  and  larger.   The  trees 
were  felled  with  the  f eller-buncher,  placed 
in  piles,  and  skidded  to  the  landings  by 


the  grapple  skidder.   Trees  from  E-l  went 
to  Landing  II  and  from  E-2  to  Landing  I. 

Shelterwood  thinning. — In  Plots  B-2  and 
C-2  "leave"  trees  were  paint-marked  for  a 
two-cut  shelterwood,  leaving  a  residual 
stand  with  a  crown  cover  of  approximately 
70  percent  or  30,000  square  feet  per  acre, 
and  a  basal  area  of  59  square  feet  per  acre. 
Trees  were  cut  by  the  feller-buncher  and 
skidded  to  Landing  II  by  the  grapple  skidder. 
The  shelterwood  cut  was  included  in  the 
study  because  it  is  a  way  of  encouraging 
regeneration  while  the  residual  trees  are 
increasing  in  size  (Godman  and  Tubbs  1973). 

Damage  Survey 

The  extent  of  damage  to  the  residual 
stand  was  de'termined  in  two  ways:   (1)  by 
running  a  transect  diagonally  across  each 
plot  and  describing  the  location  and  sever- 
ity of  each  injury  on  damaged  trees  on  the 
transect;  and  (2)  sampling  for  presence  or 
absence  of  injury  during  residual  stand 
tallies  of  each  plot. 

Equipment  and  Manpower 

The  three  major  pieces  of  harvest 
equipment  used  in  this  operation  were:   a 


Rome  Grapple  Shear  with  accumulator  top 
clamp  mounted  on  a  John  Deere  544  Loader, 
a  Clark  Ranger  667  GS  Grapple  Skidder,  and 
the  Trelan  D-60  Whole-Tree  Chipper  (fig.  5). 

For  transporting  the  chips  to  the  mill, 
two  truck-tractor  units  were  used  in  com- 
bination with  four  chip  vans.  Auxiliary 
equipment  consisted  of  one  Barko  Loader  to 
feed  the  chipper,  one  maintenance  truck,  one 
fuel  truck,  one  chain  saw,  and  a  landing 
truck  for  spotting  vans.   Five  men  were 
required  for  the  operation — four  were 
equipment  operators  who  alternated  every 
3  or  4  hours  between  machines  to  reduce 
operator  fatigue.   Table  2  lists  the  equip- 
ment including  the  purchase  price  and  oper- 
ating costs  for  each  machine. 

Time  measurement  and  data  collection.— 
All  operations  during  the  study  were  observed 
and  total  time  and  delay  data  were  recorded 
for  determining  performance  and  operating 
costs.   These  data  can  be  used  for  predict- 
ing results  of  similar  operations  in  other 
stands,  and  for  computer  simulation  studies 
(Bradley  et  al.    1976).   Three  stopwatches 
were  used  with  a  commercial  timing  board 

*  Mention  of  trade  names  does  not  con- 
stitute endorsement  of  the  products  by  the 
USDA  Forest  Service. 
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Figure  5. — Major  equipment  used:      (Left)  John  Deere  544  Feller-Buncher 
with  Rome  Accumulator  Shear;    (Center)   Clark  Ranger  667  Grapple 
Skidder;   and  (Right)   Trelan  D-60  Whole-Tree  Chipper, 


ter 


Table  2. — Itemized  equipment  cost 
(In  dollars) 


Machine 

:  Initial 
:   cost 

: Cost/hour 

(without  labor) 

:   Fixed 

:  Operating 

1  Clark  Ranger  667  Grapple  Skidder 
1  Trelan  Chipper 
1  Barko  Loader 

1  John  Deere  544  with  Rome  Shear 
Subtotal 

$  38,943 
34,000 
17,122 
39,900 

$  6.72 
5.86 
2.95 

6.88 

$  6.15 
6.75 
2.39 
7.55 

$129,965 

$22.41 

$22.84 

5  Chip  vans 
2  Truck  tractor  units 
Subtotal 

$25,980 
56,100 

$  4.51 
10.72 

$  8.26 
20.62 

$82,080 

$15.23 

$28.88 

1  Maintenance  and  fuel  truck 
1  Landing  truck 
1  Chain  saw 
Subtotal 

$3,990 

2,500 

280 

$0.58 
.46 
.24 

$0.42 
.85 
.70 

$6,770 

$1.28 

$1.97 

Total 

$218,815 

$38.92 

$53.69 

for  continuous  timing  of  events.  A  fourth 
independent  watch  was  used  to  record  delays. 
All  distances  were  estimated. 

Feller-buncher  travel  times,  travel 
distances,  shear  and  bunch  times,  and  delays 
that  occurred  during  each  felling  cycle  were 
recorded.   Because  the  feller-buncher  had  an 
accumulating  head,  a  felling  cycle  started 
with  the  shearing  of  the  first  tree  and  con- 
tinued until  the  accumulated  bunch  was  laid 
down  for  the  grapple  skidder. 

For  convenience,  the  skidding  data  were 
recorded  at  two  locations — in  the  woods  and 
at  the  landing.   Data  for  each  turn  included 
pick  up  time,  number  of  trees,  average  d.b.h, 
(estimated),  skidding  distance,  drop  time, 
delays,  and  turnaround  time. 

Data  recorded  for  each  chipping  cycle 
consisted  of  number  of  stems,  average  es- 
timated d.b.h.,  delays,  and  total  cycle 
time.   A  chipping  cycle  began  with  each 
grapple  load. 

All  equipment  data  sheets  recorded  the 
operator's  name,  weather  conditions,  van 
load  number,  topography,  soil  conditions, 
brush  conditions,  and  equipment  used. 


RESULTS 

System  Productivity 

The  timing  of  machine  operations  re- 
sulted in  construction  of  table  3,  which 
lists  the  percent  of  productive  time  and 
percent  of  various  delays  for  each  machine 
used  in  thinning. 

Table  3. — Productive  machine  time  and 

classification  of  delays 

(In  percent) 


:  Chipper 

Time  category 

Feller- 

Skidder 

:   and 

buncher 

: loader 

Productive  time 

67 

62 

49 

Delavs 

Lunch  bleaks 

13 

10 

— 

Wait  for  skidder 

3 

— 

6 

Miscellaneous 

3 

— 

2 

Discussion 

3 

1 

— 

Repair  and 

5 

9 

15 

maintenance 

Help  others 

5 

-- 

— 

Change  plots 

1 

— 

— 

Change  vans 

-- 

11 

22 

Wait  for  chipper 

~ 

5 

— 

Bunching 

— 

2 

— 

Cut  and  stack 

— 

— 

4 

saw  logs 

Clear  branches 

— 

— 

1 

Change  landings 
Total  time  scheduled 

— 

— 

1 

100 

100 

100 

Separate  data  sheets  were  kept  on  the 
transportation  of  chips.   These  indicated 
the  truck  departure  and  arrival  times,  plot 
number,  miles  traveled,  and  the  empty  and 
full  weights. 


Upon  completion  of  the  study,  all  data 
were  keypunched  and  computer  programs  writ- 
ten to  compute  costs,  rates,  and  volumes. 


Feller-buncher  felling. — The  feller- 
buncher  (with  accumulator  shear)  used  in 
this  study  operated  at  an  average  felling 
rate  of  85  stems  per  hour  including  delays 
(table  4).   Differences  in  felling  rates 
between  treatments  were  not  obvious  because 
the  treatment  plots  were  felled  by  differ- 
ent operators  who  varied  greatly  in  effi- 
ciency. 


Table  4. — Feller-bunoher1  operating  rates  by  treatment 
(In  numbers) 


Treatment 

^Felling 
: cycles 

Stems: 

per  : 

cycle: 

Stems  per 

skidder 

bunch 

:  Stems 

per  hour 

:Without 
:delays 

.Actual 

Strip 

Shelterwood 

Selective 

Strip  with  selective 

672 
858 
709 
933 

2.90 
2.90 
2.95 

2.70 

9.1 
11.1 
11.2 
10.7 

139.2 
133.8 
137.4 
128. A 

88.8 
87.0 
80.0 
85.2 

John  Deere  544  with  Rome  Shear. 


Chain  saw  felling. — For  comparison 
with  f eller-buncher  plots,  two  5-acre  plots 
were  selectively  thinned  with  a  chain  saw 
by  an  experienced  Michigan  Department  of 
Natural  Resources  (DNR)  employee.   The 
feller  was  instructed  to  fell  the  trees  all 
in  the  same  direction  so  they  could  be  eas- 
ily skidded  to  a  landing  and  chipped  or  cut 
for  saw  logs.   But  he  could  not  spend  the 
time  to  carefully  fell  the  closely  spaced 
trees  in  the  proper  spot  to  facilitate  skid- 
ding, and  still  be  highly  productive  in 


felling.   The  attempt  at  skidding  ended  in 
failure.   The  felled  trees,  severely  criss- 
crossed and  entangled,  were  nearly  impos- 
sible to  skid  with  a  choker  skidder  (fig.  6) 

Total  chain  saw  felling  time  was  2.24 
minutes  per  tree  or  about  27  trees  per  hour 
(table  5) .   This  included  time  to  cut  many 
saplings  that  were  not  counted  in  the  "num- 
ber of  trees"  column.   The  productivity  of 
chain  saw  felling  per  man  was  more  than  1.4 
acres  per  8-hour  day. 
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Figure  6. — Results  of  chain  saw  felling. 


Table  5. — Time  study  data  from  chain  saw  felling 
(In  minutes) 


Plot   and 
No.    of 
trees 

: Observation: 
:          and          : 
:      walking      : 

Brush 

: Felling 

:    Delay 

Total 

B-1    (739) 
C-1    (886) 

608.54 
883.72 

33.97 
35.49 

431.4 
461.90 

326.21 
461.27 

1,796 
1,849 

Total      1, 

625 

1,492.26 

69.46 

893.30 

787.48 

3,645 

Average   per 

tree 

0.92 

0.04 

0.55 

I)    •:« 

2.24 

Land  treated  (acres)  10.89 

Trees  per  acre  felled  (no.)  149.2 

Total  trees  felled  (no.)  1,625 

Average  felling  time  per  tree  (min.)    2.24 

Average  felling  time  per  acre  (hr.)     5.57 

Cost  per  acre 


Labor    (sawyer) 

$22.28 

Surveying  and  marking 

5.75 

Paint 

.25 

Chain  saw  and   fuel   cost 

5.24 

$33.52 

per  acre 

Skidding. — The  skidder  was  most  pro- 
ductive in  the  selectively  thinned  plot, 
equally  productive  in  shelterwood  and  strip- 
with-selection  thinning,  and  least  produc- 
tive in  the  strip  thinning  (table  6) .   The 
average  weight  per  skid  for  all  thinning 
treatments  was  2.5  tons.   Strip  thinning  was 
low  in  productivity  because  there  were  not 
enough  trees  within  the  operating  limits  of 
the  machine  on  the  10-foot  strips  to  make 
full-size  bunches. 


Chipping. — Without  delays,  the  chipper 

produced  35  tons  per  hour;  with  all  delays 

included,  production  dropped  to  about  17 
tons  per  hour  (table  7) . 

Material  Removed  and  Costs 

Material  removed. — A  total  of  1,769 
tons  of  chips  (74  vans  of  24-ton  capacity) 
and  9,640  board  feet  of  saw  logs  were  re- 
moved from  the  study  site  in  22  partial 
days  of  operation.   Total  weight  of  both 
chips  and  saw  logs  was  1,829  tons  (table  8). 

Production  costs. — Production  costs  are 
those  incurred  directly  in  cutting  and  re- 
moving the  trees — felling,  skidding,  and 
transport.   All  production  costs  discussed 
include  delays,  avoidable  and  unavoidable, 
and  should  be  regarded  as  conservative  be- 
cause proficiency  will  improve  as  loggers 
gain  experience.   Although  these  production 
costs  are  not  excessive,  nonproduction  costs 
(tree  marking,  site  preparation,  and  stump- 
age)  are  not  included  here  because  of  their 
nature  and  variability.   They  are  discussed 


Table  6. — Grapple  skidder1   operating  rates  by  treatment 


rAverage 

distance 

: Average    : 

Average 

Total 

time 

Treatment 

: Skids 

:           per 
:    Road 

skid 
Woods 

:    stems      : 
:per    skid: 

weight   per 
skid 

:             per 

skid 

:Without   d 

slay: 

Actual 

No. 

feet 

No. 

Tons 

Minutes 

Strip 

214 

517 

638 

9.1 

1.67 

4.5 

6.25 

Shelterwood 

200 

1,368 

622 

11.1 

2.43 

5.0 

9.35 

Selective 

173 

1,186 

711 

11.2 

2.61 

4.7 

10.98 

Strip  with  selective 

219 

518 

625 

10.7 

2.42 

4.5 

8.56 

Clark  Ranger  667. 


Table  7. — Chipper1  operating  rates  for  entire  study 


Vans 


:        : Stems  :  Stems  :Minutes  per  van:Tons  per  hour 
Stems  :Chipping.  per   .   per   Without:       :Without: 

■cycles   :cvcles:   van   :delavs  ; Actual  :delavs  ;*ctual 


73.75   8,570 


■  No. 
5,336 


Trelan. 


1.6 


116.2        41.35      83.82        34.82        17.18 


Table  8. — Material  removed 


Treatment 
and  size  (acres) 

:  Chips 
:  removed 

:Saw  logs 
: removed 

:  Total 
:  removed 

Tons/acre 

Stems/acre 

Strip  (10.5) 
Shelterwood  (9.61) 
Selective  (9.5) 
Strip  with 

selective  (9.5) 
Total 

Tons 
342 
470 
444 
513 

Bd.    ft. 
2,760 
2,670 
1,380 
2,830 

Tons 
359 
486 
453 
531 

34.2 
50.6 
hi  .1 
55.9 

186.2 
255.0 
219.2 
263.9 

1,769 

9,640 

1,829 

Average 

46.8 

230.0 

later.   Felling,  skidding,  chipping,  and 
transport  account  for  over  80  percent  of 
the  $8.78  per  ton  required  to  produce  the 
chips  (table  9) .   Transport  costs  alone  were 
$2.61  per  ton  or  30  percent  of  the  total. 

Table  9. — Breakdown  of  costs1 


Item 

.Equipment 

\  Labor ' 

Total] 

Percent 
of  total 

-  -  Dollars /ton   - 

_  _  _ 

Feller-buncher 

$1.13 

$0 

.68 

$1.81 

21 

Skidder 

0.94 

68 

1.62 

19 

Chipper 

1.29 

.68 

1.97 

22 

Chain  saw 

.03 

27 

0.30 

3 

Maintenance  and 

.06 

.4; 

.47 

5 

fuel  truck 

Chip  van 

.48 

31 

.79 

9 

Highway  truck 

1.40 

31 

1.71 

20 

Landing  truck 
Total 

.04 

.07 

.11 

1 

$5.37 

$3 

.41 

$8.78 

100 

— T ' ' ' 

Average  of  all  thinning  treatments  on 
40  acres. 

Break-even  analysis. — A  "break-even" 
chart  was  constructed  from  careful  analysis 
of  machine  costs  and  rates  (fig.  7).   The 
fixed  cost  of  thinning  per  day  was  $593.00. 
This  included  labor,  depreciation,  interest, 
insurance,  taxes,  licenses,  and  other  mis- 
cellaneous fixed  costs.   For  the  break-even 
analysis,  labor  ($35.25  per  hour1*)  was  con- 
sidered as  a  fixed  cost  because  it  was  being 
charged  whether  or  not  the  machines  were 
operated.   An  additional  $36.77  per  hour  is 
necessary  to  operate  the  equipment.   There- 
fore, $887.00  of  revenue  must  be  realized 
for  an  8-hour  operating  day  in  order  to 
break  even.   When  the  system  produced  at 
the  rate  of  13  tons  per  hour,  which  was  the 
average  hourly  rate  for  the  lowest  daily 
production  during  the  study,  a  break-even 
point  was  achieved  after  5  hours  of  pro- 
duction (fig.  7).   This  calculation  is 

''Labor  costs  calculated  for  five  men 
totals  $35.25  per  hour:     $4.50  per  hour 
for  four  men  and  $5.50  per  hour  for  one  many 
plus  50  percent  of  the  hourly  total  for 
overhead. 
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based  on  revenue  of  $11.85  .per  green  ton 
delivered  to  the  mill.   When  thinning  pro- 
duced 26  tons  per  hour,  the  average  hourly 
rate  for  the  best  daily  production  during 
the  study,  it  took  slightly  over  2  hours  to 
break  even. 


Figure  8  displays  a  more  realistic 
picture  entailing  both  profit  and  loss  based 
on  the  average  rate  of  production  for  the 
duration  of  the  study.   Using  the  same  logic 
as  for  figure  7,  it  took  just  over  3-h 
hours  of  producing  at  the  average  rate  of 
17  tons  per  hour  to  reach  the  break-even 
point. 

Costs  by   treatment. — Strip  thinning — 
the  most  costly — was  40  percent  more  expen- 
sive than  the  shelterwood  cut — the  least 
costly  (table  10) .   But  for  all  practical 
purposes,  differences  in  costs  cannot  be 
considered  significant  because  factors  that 
affected  productivity  (such  as  weather, 
operator  ability,  skidding  distances,  and 
unavoidable  delays)  were  not  constant  from 
treatment  to  treatment.   For  example,  among 
all  treatments,  feller-buncher  operators 
varied  as  much  as  25  percent  in  their  pro- 
ductivity, other  factors  being  equal. 

Nonproduction  costs. — Depending  on  the 
type  of  thinning,  marking  will  cost  from  5 
cents  per  ton  for  strip  thinning  to  15 
cents  per  ton  for  selective  thinning. 

Site  preparation  costs  depend  largely 
upon  the  size  of  the  area  to  be  logged.   In 
this  study  an  existing  road  was  improved 
and  two  landings  were  cleared  for  only  40 
acres  of  thinning.   Therefore,  for  this 
study,  site  preparation  and  road  improve- 
ments cost  $1.00  per  ton;  it  would  have 
been  possible  to  thin  a  much  larger  area 
utilizing  the  same  roads  and  landings  so 
that  costs  would  have  been  less  than  25 
cents  per  ton.   In  addition,  improved  roads 
will  service  future  logging  operations, 
making  site  preparation  costs  negligible. 


DOLLARS  TONS 


3       4       5 
OPERATING  HOURS 


Figure  7. — Maximum  and  minimum  break-even  points  for  entire  thinning. 


Stumpage  costs  were  ignored  in  this 
study  because  this  stand  was  thinned  as  if 
it  were  being  done  by  the  Michigan  Depart- 
ment of  Natural  Resources  (DNR) .   Thinning 
in  this  manner  by  the  DNR  usually  costs  the 
State  $25.00  per  acre  if  the  material  is 
chain  saw  felled  and  left  to  decay. 

If  mechanized  thinning  should  become  a 
normal  harvesting  operation,  cost  calcula- 
tions may  have  to  include  stumpage  allow- 
ances.  Table  11  illustrates  the  possibility 
of  cost-benefit  when  applying  the  strip- 
with-selection  thinning,  including  all  costs. 
Based  on  the  actual  amount  of  product  re- 
moved by  this  method  (55.9  tons),  a  profit 
of  $125.00  per  acre  was  obtained. 

Damage  to  Residual  Stand 

Kinds  of  injuries. — All  plots  harvested 
by  the  f eller-buncher  and  skidder  had  sig- 
nificantly more  bole  and  root  injuries  than 
the  chain  saw  felled  trees  (table  12). 


Crown  injuries  were  minor  (they  were  most 
prevalent  in  stands  thinned  by  chain  saw) 
and  consisted  primarily  of  small  and  lower 
limb  breakage  that  should  not  adversely  in- 
fluence crown  development. 

Bole  injuries  were  the  most  common;  an 
average  of  from  6  trees  per  acre  in  chain 
saw  felling  to  63  trees  per  acre  in  strip 
thinning  had  bole  injuries.   Fewer  trees 
were  injured  (22  per  acre)  by  the  feller- 
buncher  and  grapple  skidder  during  selection 
thinning  between  strips  (table  13) ,  but 
there  were  more  injuries  per  tree  (3.0), 
injuries  were  more  severe,  and  they  were 
higher  up  the  bole  than  in  other  treatments. 


Root  injuries  ranged  from  an  average 
of  6  trees  per  acre  in  the  shelterwood  cut- 
ting to  39  trees  per  acre  in  strip  cutting. 
Unexpectedly,  the  selection  between  strips 
had  more  major  root  injuries  (67  percent 
were  major)  than  other  mechanized  methods. 


11 
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3  4  5 

OPERATING    HOURS 

Figure  8. — Profit  and  loss  based  on  the  mean  productivity  for  entire 

thinning. 


Table  10. — Cost  of  thinning  treatments 
(In  dollars/ton) 


Treatment  : 

Equipment 

:  Labor 

:  Total 

Strip 

$6.38 

$4.49 

$10.87 

Shelterwood 

5.04 

2.74 

7.78 

Selective 

5.12 

3.47 

8.59 

Strip  with 

selective 
Average 

5.21 

3.27 

8.48 

$5.37 

$3.41 

$  8.78 

However,  there  was  no  consistent  relation 
between  root  injuries  and  bole  injuries  on 
the  same  trees.   Although  root  injuries  were 
more  frequent  in  the  strip  thinnings,  they 
were  just  as  severe  far  from  the  main  haul 
road  as  close  to  it. 

Strip  thinning  injuries. — The  thinning 
patterns  were  a  major  factor  in  the  frequency 


Table  11. — Projected  return  from  strip  thinning  with 
selection  between  strips 


Cost 

Delivered  return 



Do  I lars/ton 

Stumpage           $0.50 

Revenue/green  ton 

$11 

85 

Marking              .10 
Roads  and  landings    .22 

Delivered  cost/ton 
Profit/green  ton 

9 

60 

$  2 

•  251 

Harvesting           6.18 

Transport           2.60 

Total             $9.60/green 

ton 

^ased  on  55.9  tons  removed  per  acre,  a  profit  of  $125.78 
per  acre  may  be  realized. 
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Table  12. — Frequency  of  tree  injuries  by  cutting  method  and  location 

on  tree 


Marking  and  harvest 
method 

ing 

: Residual 
:  trees 
:per  acre 

Trees 

with  one 

or 

more  injuries 

Per 
acre 

Proportion 

with  in-juries 

to: 

Bole 

Roots    : 

Crown 

No 

No. 

Percent  -  - 

Chain  saw 

Selection 

155 

16 

10 

)9 

0 

58 

Mechanized  equipment 

Shelterwood 

109 

23 

21 

99 

28 

14 

Selection 

137 

46 

34 

77 

in 

36 

Selection  between  strips 

156 

)] 

20 

70 

45 

30 

Strips1 

350 

86 

25 

73 

45 

16 

Applies  to  area  between  strips. 


Table  13. — Severity  of  injuries  by  cutting  method  and 
location  on  tree 


Marking  and  harvest 
method 

ing 

Bole 

in-juri 

es 

Root 

injuries 

:  Trees 

Trees 

'per  acre 

Major1 

: Minor 

per  acre 

: Major :Minor 

No. 

Percent 

No. 

Percent 

Chain  saw 

Selection 

6 

0 

100 

0 

__ 

Mechanized  equipment 

Shelterwood 

23 

29 

71 

6 

50     50 

Selection 

35 

9 

91 

14 

50     50 

Selection  between  strips 

•: 

60 

40 

14 

67     33 

Strips2 

63 

40 

60 

39 

33     67 

cambium  exposed.   "Minor"  injuries  had  less  than  50  square  inches  of 
stem  or  root  cambium  exposed. 

Applies  to  area  between  strips. 


of  damage  to  residual  trees.   In  the  strip 
thinnings,  which  had  the  greatest  number  of 
injured  trees  per  acre,  the  average  spacing 
of  trees  was  11.2  feet.   All  of  the  trees 
cut  from  the  strip  had  to  be  placed  to  the 
right  of  the  operator  into  the  uncut  stand. 
This  frequently  involved  repeated  placement 
of  small  bunches  and  many  reverse  movements 
by  the  f eller-buncher  with  trees  in  the  ac- 
cumulator head.   Consequently,  the  repeated 
movements  and  placement  of  cut  trees  into 
closely  spaced  standing  trees  caused  an  in- 
crease in  bole  and  root  injuries.   In  con- 
junction with  this,  the  productivity  of 
felling  and  skidding  equipment  was  the  lowest 
of  the  several  cutting  methods. 

Selection  thinning   (mechanical)   in~ 
juries. — Selection  cutting  had  the  second 
highest  injury  rate.   Because  the  feller- 
buncher  meandered  randomly  within  the  plot, 
more  trees  were  injured  but  most  injuries 
were  classified  as  minor. 

Strip-thinning -with- selection-between- 
strips  injuries. — This  method  resulted  in 
the  greatest  percent  of  major  bole  and  root 
injuries  of  all  the  mechanized  thinning 
treatments  because  of  the  concentrated  log- 
ging activity  along  the  edge  of  the  strips. 


Contributing  to  this  was  the  relatively 
narrow  spacing  between  trees  in  this  plot 
(averaging  16.7  feet). 

Mechanical  thinning  injuries  compared 
to  conventional  harvesting  injuries. — In- 
juries were  more  common  than  reported  for 
conventional  methods  of  harvesting  (Benzie 
1959,  Engle  1947,  Meyer  et  al.    1966).   Fac- 
tors contributing  to  the  variation  in  in- 
juries were  differences  in  spacing  within  a 
plot,  the  difference  between  equipment 
operators,  and  weather  conditions. 

Although  injuries  occurred  more  fre- 
quently than  in  previously  reported  studies, 
most  are  expected  to  be  relatively  minor. 
Many  of  the  damaged  trees  can  be  removed  in 
future  thinnings  and,  according  to  older 
studies,  before  significant  volume  or  value 
losses  occur  in  these  young,  vigorous  stands 
(Hesterberg  1957,  Ohman  1970). 


DISCUSSION 

System  Productivity 

Balance  of  equipment. — In  order  to 
optimize  the  efficiency  of  a  thinning  system, 
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the  operating  rate  of  each  major  element  of 
the  system  should  be  approximately  equal 
(table  14).   In  the  present  study,  the  bal- 
ance was  generally  good  with  the  exception 
of  the  chipper,  which  had  a  production  ca- 
pability from  20  to  30  percent  greater  than 
the  f eller-buncher  and  skidder. 

Felling. — When  selecting  a  shear  to 
operate  in  hardwoods,  primary  consideration 
must  be  given  to  maximum  shearing  force 
(approximately  6,600  pounds  per  inch  width 
of  cut  when  using  a  3/4-inch  blade  in  hard 
maple)  (Arola  1972).   Therefore,  a  10- inch 
maple  may  take  up  to  66,000  pounds  of  shear- 
ing force  to  fell.   It  is  also  necessary  to 
have  a  shear  with  accumulating  capabilities 
in  order  to  collect  as  many  small  stems  as 
possible  in  the  felling  head  before  bunching. 
Figure  9  illustrates  the  difference  in  pro- 
duction volume  between  a  single  tree  shear 
and  an  accumulator  shear  (Rome  Industries 
1972).   The  shear  used  in  the  present  study 
had  both  capabilities. 

Skidding. — The  grapple  skidder  was  an 
acceptable  machine  for  this  thinning  oper- 
ation.  However,  the  f eller-buncher  operator 
must  be  familiar  with  the  maximum  size  load 
the  grapple  skidder  can  handle  in  order  to 
optimize  the  latter's  productivity.   As 
mentioned,  too  narrow  a  strip  prevents  the 
grapple  skidder  from  attaining  maximum 
productivity. 


Chipping. — The  chipper  used  on  this 
operation  was  an  efficient  machine,  however, 
a  separate  loader  must  be  located  adjacent 
to  the  chipper  and  placed  so  that  the  skid- 
der can  only  drop  its  load  at  the  feed  end 
of  the  chipper.   This  was  a  major  cause  of 
skidder  delays  because  the  chipper  must 
chip  everything  in  the  drop  zone  before  the 
skidder  can  deposit  another  load. 


Advantages  and  Disadvantages 
of  Thinning  Treatments 

Selection  thinning . — Silviculturally, 
selection  thinning  is  superior  to  strip 
thinning  but  is  more  difficult  to  mechanize 
because: 

1 .  The  f eller-buncher  and  skidder 
must  both  operate  in  the  stand, 
creating  a  higher  risk  possibility 
for  injury  to  the  remaining  trees. 

2.  A  good  felling  and  removal  system 
is  difficult  to  coordinate  because 
both  machines  tend  to  interfere 
with  one  another — bunches  felled 
in  uncut  areas  must  be  removed 
before  felling  can  be  continued. 

3.  Skidder  operators  are  often  not 
experienced  enough  to  decide  the 
least  damaging  route  out  of  the 
woods  each  time  they  pick  up  a  load 

COMPARISON     OF 
SHEAR     PRODUCTIVITY 

(ACCUMULATOR     VS     SINGLE    TREE) 
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Figure  9. — Production  curves  indicating  the 
difference  between  a  single  tree  f eller- 
buncher  and  a  f eller-buncher  with  an 
accumulator  shear. 


Table  14. — Productivity  of  various  operations  by  thinning  treatment, 

with  and  without  delays 


Treatment 

Feller-b 

uncher 

:             Skidder 

:            Chipper 

Stems/hr 

Tons/hr 

Stems/hr 

Tons/hr 

Stems/hr 

Tons/hr 

Strip 

(Without   delays) 

139.7 

24.0 

121.3 

22.3 

154.4 

29.4 

(Actual) 

89.6 

16.4 

87.4 

16.0 

93.7 

18.2 

Shelterwood 

(Without   delays) 

133.8 

25.0 

133.2 

28.8 

185.2 

36.1 

(Actual) 

87.4 

17.2 

71.2 

15.9 

77.1 

15.0 

Selective 

(Without   delays) 

137.2 

29.7 

143.0 

36.9 

174.9 

37.6 

(Actual) 

79.7 

17.3 

61.8 

16.1 

75.7 

16.3 

Strip  with   se 

lective 

(Without   delays) 

129.1 

26.7 

143.4 

31.3 

170.6 

37.2 

Average 

(Actual) 
(Without   delays) 

85.7 

21.5 

75.2 

17.0 

88.2 

19.3 

133.3 

27.2 

135.0 

31.3 

172.3 

34.8 

(weighted) 

(Actual) 

88.8 

17.5 

72.5 

16.8 

82.2 

17.2 
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Strip  thinning. — Strip  thinning  is 
easy  to  mechanize  but  silviculturally  less 
satisfactory  because  there  is  no  possibility 
of  choosing  between  individual  trees.   All 
trees  within  the  strip  should  be  cut.   In 
addition,  the  10-foot-wide  strips  were  not 
adequate  to  maximize  production  as  previ- 
ously discussed.   Residual  stand  damage  was 
high  because  the  f eller-buncher  must  always 
place  the  cut  material  into  the  uncut  stand. 

Strip  thinning  with  selection — the 
best  method. --Strip  thinning  with  individual 
tree  selection  between  strips  was  a  good 
compromise  because  it  was  reasonably  pro- 
ductive and  was  acceptable  silviculturally. 
It  was  also  preferred  by  the  equipment 
operators  and  adopted  by  the  logger  as  the 
system  to  use  on  his  own  woodlands. 

Figure  10  shows  why  the  strip  with 
selection  system  was  preferred.  Initially, 
the  f eller-buncher  starts  cutting  a  10- 
foot-wide  strip,  laying  all  bunches  to  the 
right.  As  soon  as  the  end  of  the  strip 
(660  feet  in  this  case)  is  reached,  the 
operator  would  go  to  his  left  and  begin 
selectively  thinning  the  between-strip  space 


up  to  where  the  next  strip  will  be  (70 
feet).   The  trees  from  the  selective  area 
would  be  bunched  in  the  previously  cut 
strip,  thereby  minimizing  damage  and  also 
concentrating  all  of  the  cut  material  either 
in  the  cut  strip  or  adjacent  to  it.   After 
the  operator  has  finished  the  selective 
cutting,  he  is  back  at  his  starting  point 
and  has  one  cut  strip  and  a  70-foot-wide 
band  of  selectively  thinned  area.   He  then 
moves  70  feet  to  the  left  and  begins  a  new 
strip,  again  laying  bunches  to  the  right 
and  into  the  thinned  area  he  just  finished 
cutting.   As  he  progresses  in  this  manner  to 
his  left,  he  can  cut  many  acres  of  material 
and  never  interfere  with  the  skidder.   With 
all  the  material  being  concentrated  on  a 
strip,  the  skidder  operator,  experienced  or 
not,  can  easily  follow  the  cutting  pattern 
without  having  to  make  any  skidding  route 
decisions. 

Other  Considerations 

Landings. — The  in-woods  landing  only 
occupied  ^  acre  but  was  adequate  to  effi- 
ciently service  the  operation  (fig.  10). 
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Figure  10. — Strip  with  selective  thinning  system. 
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Construction  of  this  landing  took  approx- 
imately *s  day  and  began  with  the  feller- 
buncher  cutting  and  decking  the  entire  area 
without  intermediate  handling  by  the  skidder. 
This  allowed  the  dozer  to  stump  and  level 
the  area  immediately  after  felling.   The 
chipper  was  then  placed  next  to  the  decked 
material  (about  one  van  load),  which  it 
started  to  chip  while  the  f eller-buncher 
got  a  head  start  on  the  rest  of  the  oper- 
ation.  The  landing  was  also  designed  with 
a  small  spur  road  on  one  end  that  was  used 
as  a  van  turnaround  and  van  storage  area. 

Effects  of  weather. — This  study  began 
in  the  first  days  of  November  1974  and  ended 
1  month  later  during  the  transition  period 
between  fall  and  winter.   All  types  of 
weather  were  encountered — dry,  rain  and 
snow  mixed,  and  heavy  snow.   Temperatures 
ranged  from  75°  F  down  to  10°  F.   The 
greatest  problem  associated  with  weather 
was  chipper  knife  maintenance.   Skidding 
during  wet,  snowy,  and  freezing  conditions 
caused  an  accumulation  of  dirt  and  grit  on 
the  branches  that  dulled  the  chipper  knives. 
They  consequently  had  to  be  changed  for 
every  van  load  of  chips.  As  soon  as  the 
ground  became  frozen  and  snow  covered,  the 
chipper  knives  lasted  about  10  times  longer. 
In  winter  there  is  greater  ease  of  move- 
ment on  the  frozen  ground  and  possibly  less 
damage  to  the  forest  floor  and  root  systems 
of  the  residual  stand. 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.   Strip  thinning  with  tree  selection 
within  the  "leave"  strip  had  some  drawbacks, 
but  it  was  the  best  of  the  treatments. 


4.  Further  tests  of  these  thinning 
treatments  should  be  made  on  larger  tracts 
giving  the  equipment  operator  freedom  to 
operate  within  the  constraints  of  the  system 
and  not  be  burdened  with  continual  obser- 
vation of  every  move.   Larger  areas  will 
permit  experimentation  with  tree  marking, 
methods,  strip  widths,  and  landing  sizes 
and  locations.   Tree  marking  could  be  min- 
imized to  reduce  costs.  A  properly  trained 
feller-buncher  might  be  able  to  do  an  ade- 
quate thinning  job  with  little  or  no  tree 
marking. 

5.  Wider  strips,  resulting  in  greater 
productivity,  could  also  reduce  tree  damage 
on  strip  edges,  or  damaged  trees  could  be 
removed  right  after  thinning.   A  study  of 
the  most  economical  landing  sizes,  road 
types,  and  locations  of  each  would  be  ben- 
eficial. 

6.  Different  equipment  combinations 
might  be  more  productive. 

7.  Computer  simulation  of  mechanized 
thinning  will  reduce  the  cost  of  further 
research  by  solving  problems  that  would 
otherwise  have  to  be  solved  by  field  testing. 
Basic  data  collected  in  this  study  will  be 
used  as  input  in  the  GPSS5  Whole-Tree  Field 
Chipping  Simulation  System. 


5 The  GPSS  (General  Purpose  Simulation 
System)   is  an  IBM  computer  language  for 
simulating  discrete  systems   (Bradley   et  al. 
1976). 
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SOLVING  WOOD  CHIP  TRANSPORT  PROBLEMS 

WITH  COMPUTER  SIMULATION 

Dennis  P.  Bradley  and  Sharon  A.  Winsauer 


Efficient  chip  transport  is  the  key  to 
marketing  wood  chips  produced  in  the  field. 
Yet  efficiency  is  an  elusive  objective  be- 
cause of  constantly  changing  harvesting  lo- 
cation and  other  factors.   Ideally,  one 
should  alter  the  amount  and  organization  of 
transport  equipment  as  chipping  rate,  dis- 
tance to  mill,  mill  quota,  or  other  factors 
change.   But  the  high  cost  of  trucks  and 
vans  requires  that  most  loggers  decide  upon 
a  combination  of  men  and  machines  that  best 
fits  their  average  conditions.   Although 
contract  haulers  or  truck  rental  and  leasing 
arrangements  are  often  available  to  help 
adjust  to  unforeseen  needs,  the  problem  of 
"how  much"  still  remains.   The  "seat-of- 
the-pants"  calculations  and  actual  trials 
currently  employed  are  always  confusing, 
and  many  good  alternatives  are  not  con- 
sidered because  of  the  practical  and  eco- 
nomic difficulties  of  assembling  the  desired 
equipment  under  the  proper  conditions. 

In  an  effort  to  alleviate  this  sit- 
uation, we  describe  here  a  chip  transport 
model  or  simulator  that  will  allow  a  logger 
to  realistically  and  economically  determine 
the  best  way  to  get  his  daily  trucking  job 
done.   Two  examples  illustrate  the  use  of 
this  model.   Although  designed  for  problems 
unique  to  chip~~trucking,  the  simulator  can 
be" used  for  almost  any  sort  of  wood  trucking 
system. 


THE  ADVANTAGES  OF  SIMULATION 

This  simulator  is  a  computer  program 
that  dynamically  models  all  the  essential 
actions  and  reactions  of  real  chip  trans- 
port systems.   Everyone  is  familiar  with 
model  bridges  and  airplanes  and  their  ad- 
vantages in  developing  efficient  and  prac- 
tical real  structures.   Our  simulator  is  a 
model  in  the  same  sense  but  is  concerned 
with  the  "structure"  of  men,  equipment,  and 
work  rules. 

As  with  any  model,  its  main  advantage 
is  its  ability  to  predict  how  a  similar  con- 
figuration of  the  real  system  will  perform. 
But  chip  transport  system  simulation  has 
several  other  related  advantages. 


First,  the  incredible  speed  of  com- 
puters allows  us  to  compress  months  of  sim- 
ulated activity  into  a  few  minutes  of  real 
time,  and  many  different  system  alternatives 
and  configurations  can  be  examined  in  a 
fraction  of  the  time  and  cost  of  one  real 
experiment . 

Second,  simulation  is  flexible:   the 
kinds  of  systems  modeled  are  limited  only 
by  the  user's  imagination.   In  contrast  to 
a  bridge,  which  once  designed  and  built 
will  not  be  changed,  a  chip  transport  system 
must  be  able  to  respond  to  external  changes 
in  order  to  stay  profitable.   Thus,  the 
simulator  should  be  used  each  time  some 
significant  factor  changes.   These  factors 
may  range  from  distance  to  market  to  the 
availability  of  more  economical  trucks  and 
trailers. 

Third,  the  simulator  allows  a  user  to 
visualize  the  interactions  of  entire  systems. 
For  example,  the  time  that  one  operation  or 
piece  of  equipment  must  wait  for  another 
often  suggests  what  changes  to  make.   But 
the  principal  criterion  for  identifying  sys- 
tem improvements  is  cost.   Because  the  sim- 
ulator constructs  a  cost  record  for  each 
process  and  piece  of  equipment,  cost  effec- 
tive changes  are  easily  seen. 

The  simulator  cannot  tell  the  logger 
what  is  best  in  one  step.   It  predicts  how 
the  real  system  will  perform  under  a  spe- 
cific set  of  conditions:   conditions  such 
as  the  number  of  trucks  and  vans  available, 
truck  and  van  costs  per  hour,  driving  time 
to  the  mill,  truck  starting  times  each 
morning,  and  the  value  of  a  van  of  chips. 
If  the  logger  is  not  satisfied  with  pre- 
dicted profits  or  production  under  the  spe- 
cified conditions  and  work  rules,  he  can 
change  those  conditions  under  his  control 
and  run  the  simulator  again  and  again. 

In  effect,  this  simulator  is  a  crystal 
ball  for  discovering  unsuspected  opportuni- 
ties.  But  achieving  all  the  advantages  of 
this  powerful  tool  depends  a  great  deal  on 
its  proper  use.   There  are  two  major  re- 
quirements.  First,  a  user  must  become  fa- 
miliar with  the  model,  because  studying 
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the  model  can  uncover  things  he  didn't 
understand  about  his  real  system  as  well 
as  make  him  aware  of  any  model  limitations. 
Obviously,  the  model  is  not  the  "real  world" 
but  the  user  should  be  satisfied  that  its 
limitations  are  acceptable.   If  not,  the 
model  should  be  changed  to  conform  to  his 
expectations. 

Second,  a  user  must  test  the  simulator 
against  h£s  ..own  experience.   If  the  model 
correctly  predicts  system  performance  under 
known  conditions,  the  user  will  feel  more 
confident  in  adopting  its  recommendations 
under  new,  untried  situations.   Of  course, 
some  caution  is  necessary:   several  small 
changes  from  known  conditions  are  safer 
than  one  large  change.   For  example,  one 
would  have  more  confidence  in  the  results 
predicted  by  adding  one  more  van  than  in 
the  results  predicted  by  adding  four  more 
vans  and  two  new  trucks,  unless  the  inter- 
mediate changes  had  also  been  tested. 

THE  CHIP  TRANSPORT  SIMULATOR 

This  simulator  is  written  in  GPSS,  or 
General  Purpose  Simulation  System,  developed 
by  IBM.1   Originally  limited  to  their  equip- 
ment, it  is  now  available  on  most  medium 
and  large  computers. 

Although  any  computer  language  requires 
some  effort  to  learn  and  apply,  this  lan- 
guage is  especially  oriented  toward  the 
users.   As  a  result,  it  is  the  most  widely 
used  simulation  language  today.  No  com- 
puter program  can  claim  to  fulfill  all  de- 
mands placed  on  it,  but  we  have  attempted 
to  provide  a  great  deal  of  flexibility.  And 
the  use  of  GPSS  has  made  it  intrinsically 
easy  for  any  other  user  to  modify  the  pro- 
gram to  his  own  needs. 

The  program  itself  is  available  to 
any  interested  individual  or  organization 
and  is  documented.   For  copies,  write  to: 

Forest  Engineering  Laboratory 

North  Central  Forest  Experiment  Station 

Forest  Hill  Road,  Michigan  Technological 

Univ. 
Houghton,  MI  49931 

or 
North  Central  Forest  Experiment  Station 
118  Old  Main  Bldg. 
University  of  Minnesota — Duluth 
Duluth,  MN   55812 


1 International  Business  Machines,   Inc. 
1971.      General  Purpose  Simulation  System  V 
Users  Manual.     SH20-0851.      422  p.      White 
Plains,   New  York. 


Our  model  has  five  interactive  seg- 
ments corresponding  to  the  real  system's 
division  of  activity:   (1)  a  chipper,  (2) 
trucks  and  vans,  (3)  setout  trucks,  (4)  a 
mill  yard,  and  (5)  records. 


The  Chipper 

This  segment  models  the  functions  of 
a  chipper,  filling  empty  vans  with  chips, 
closing  them,  and  moving  the  chip  spout  if 
necessary.   A  logger  must  provide  the  fol- 
lowing information  for  this  segment:   (1) 
the  time  required  to  fill  a  van,  (2)  the 
time  required  to  close  a  full  van,  (3)  the 
time  required  to  move  the  chip  spout,  and 
(4)  the  number  of  slots  for  empty  vans  in 
front  of  the  chip  spout. 

Note  that  the  time  required  to  fill  a 
chip  van  lumps  all  the  felling,  skidding, 
and  chipping  activities  into  what  can  be 
termed  a  "black  box".   That  is,  if  we  say 
that  the  chipper  fills  a  van  in  35  —  10 
minutes,  we  mean  that  van  filling  time  can 
vary  from  25  to  45  minutes  due  to  unspec- 
ified variation  in  felling,  skidding,  and 
chipping  rates.   This  time  estimate  says 
nothing  about  how  this  rate  is  achieved, 
just  that  it  is   achieved.   This  is  not  to 
say  that  felling  and  skidding  are  unimpor- 
tant, but  the  purpose  of  this  simulator  is 
to  find  the  best  combination  of  men,    trucks, 
vans,   and  rules  to  optimize  trucking  activ- 
ity for  the  observed  chipping  rate. 

The  question  of  slots  for  vans  under 
the  chipper' s  spout  is  also  important  in 
this  model.   Some  chippers  have  chip  spouts 
that  can  be  moved  to  fill  more  than  one  van 
without  moving  vans  and  thus  have  several 
"slots".   Other  chippers  have  only  one 
"slot"  and,  once  a  van  is  filled  must  wait 
for  it  to  be  removed  and  another  empty 
moved  into  place.   This  feature  greatly 
affects  the  use  of  trucks,  vans,  and  setout 
trucks  and  will  be  discussed  in  the  truck- 
ing segment. 

Trucks,  Vans,  and  Setout  Trucks 

These  two  segments  have  the  job  of 
moving  full  vans  from  chipper  to  mill.   The 
number  of  trucks,  setout  trucks,  vans,  and 
hauling  distance  are  the  major  factors  af- 
fecting productivity. 

Three  different  trucking  situations  are 
identified  in  this  model  and  are  distin- 
guished primarily  on  how  setout  trucks,  if 


used,  interact  with  the  highway  trucks.   In 
the  first,  a  setout  truck  is  never  used;  in 
the  second,  setout  trucks  are  used  only 
when  necessary  because  the  incoming  highway 
trucks  can  do  much  of  the  handling;  and  in 
the  third,  setout  trucks  are  used  exclu- 
sively for  van  handling.   In  addition,  the 
model  distinguishes  between  chippers  with 
only  one  slot  in  front  of  the  spout  and 
chippers  with  two  or  more  slots. 


The  logger  must  provide  the  following 
information  for  the  trucking  segment: 

(1)  number  of  trucks 

(2)  truck  cost  per  hour  including  labor 

(3)  number  of  vans 

(4)  van  cost  per  day 

(5)  number  of  setout  trucks 

(6)  setout  truck  cost  per  day 

(7)  truck  travel  time,  loaded  and 
empty,  to  and  from  the  mill 

(8)  time  required  for  a  truck  or  set- 
out  truck  to  hook  up  to  and  unhook  from  a 
van 

(9)  time  required  for  a  truck  or  set- 
out  truck  to  move  between  the  empty  van 
storage  area,  full  van  storage  area,  and 
slots  at  the  chipper 

(10)   For  the  setout  truck  when  there 
are  two  or  more  slots: 

a.  The  number  of  empty  vans  in 
slots  which  the  chipper  must  have  in  reserve 

b.  The  number  of  slots  that  can 
be  occupied  by  full  vans  before  they  "get 
in  the  chipper' s  way" 

The  Mill  Yard 

This  segment  models  all  the  actvities 
at  the  mill  yard  that  determine  how  much 
time  the  logger's  own  trucks  spend  there 
being  weighed,  unloaded,  and  waiting  for 
these  services  because  of  the  competition 
from  other  trucks  arriving  at  the  yard. 

Although  all  these  activities  can  be 
modeled  in  great  detail,  they  are  usually 
beyond  the  control  of  the  logger.   As  a 
result,  this  segment  is  modeled  similar  to 
the  chipper  and  lumps  all  activities  into 
the  time  required  to  complete  all  mill  yard 
activities  and  start  on  the  return  trip  to 
the  landing.   The  logger  must  specify  this 
time. 


The  Record  Segment 

This  segment  starts  and  stops  the 
other  segments  each  day  according  to  the 


schedule  provided  by  the  user  and  prints 
a  daily  summary  of  each  segment's  activities, 
The  following  information  must  be  provided 
by  the  user: 

1 .  Time  each  segment  starts  work  each 
day. 

2.  Time  each  segment  quits  for  the 
day: 

a.  After  achieving  a  production 
quota? 

b.  After  a  specific  elapsed  time? 

How  to  Use  the  Simulator 

Each  user  must  provide  all  the  above 
statistics  for  his  conditions.   Equipment 
and  decision  rules  can  be  chosen  for  his 
existing  operation  or  for  any  system  he 
wishes  to  examine.   Time  data  are  a  bit 
more  complicated.   At  one  extreme,  he  can 
make  rough  estimates  based  on  his  experi- 
ences; at  the  other,  he  can  make  elaborate 
time  studies  of  each  operation. 

Rough  estimates  may  give  some  feel  for 
the  sensitivity  of  the  model  to  certain  op- 
erations.  For  example,  a  proportionately 
large  error  in  estimating  the  time  to  move 
the  chip  spout  from  one  van  to  another 
would  probably  have  little  effect  on  over- 
all model  accuracy  while  a  small  propor- 
tionate error  in  estimating  travel  speed  to 
the  mill  could  be  serious.   So  data  col- 
lection effort  should  be  allocated  to  those 
data  requirements  that  are  most  critical. 


With  his  set  of  data,  the  user  can 
then  "run"  the  model  for  a  desired  length 
of  time  or  until  a  desired  production  quota 
is  reached.   At  this  point  the  report  of 
how  much  was  produced,  at  what  cost,  and 
other  features  describing  machine  utiliza- 
tion and  interaction  can  be  examined  for 
clues  on  how  to  improve  system  performance. 


Many  kinds  of  chip  trucking  problems 
can  be  solved  using  this  simulator:   What 
is  the  best  combination  of  trucks  and  vans? 
How  many  setout  trucks  should  I  buy?   Should 
I  lease  or  buy  additional  trucks  and  vans? 
Can  I  alter  work  schedules  to  increase  pro- 
duction or  reduce  costs?   Is  there  an  op- 
timum truck  and  van  size?   How  are  hauling 
costs  affected  by  distance  to  market?   What 
effect  does  distance  to  mill  have  on  the 
number  of  trucks  and  vans  needed?   The  fol- 
lowing examples  of  the  use  of  our  model 


should  give  some  idea  on  how  the  whole  proc- 
ess works. 


EXAMPLE  NUMBER  1--A  CASE  STUDY 

A  timber  producer  has  a  full-tree  chip- 
ping operation  that  annually  produces  nearly 
30,000  tons  of  aspen  chips  for  a  hardboard 
plant  more  than  3  hours  driving  time  away. 
To  deliver  his  quota  of  eight  loads  a  day, 
he  developed  (without  benefit  of  simulation) 
a  system  using  four  trucks  and  eight  vans 
plus  one  setout  truck  at  the  landing.   At 
6  a.m.  all  trucks  begin  their  first  trip  to 
the  mill  with  vans  filled  the  previous  day. 
At  7  a.m.  the  chipper  and  setout  truck  be- 
gin to  fill  the  remaining  four  vans  to  be 
hauled  that  afternoon.   When  these  four 
have  been  filled,  the  chipper  is  idle  about 
2  hours  until  one  of  the  first  four  vans 
returns  from  the  mill.   The  first  four  vans 
are  then  filled  for  the  next  morning's  haul. 


his  operation.   The  results  of  his  study 
were  as  follows: 

Record  Segment 

Chipper  work  day — Begin  at  7  a.m.  and 
work  until  eight  vans  are  filled 
with  chips. 

Truck  scheduling — All  trucks  begin  at 
6  a.m.  from  garage,  travel  to  landing 
for  first  full  van,  complete  two 
round  trips  and  finish  at  garage 
for  night. 

Cost  and  value  (dollars) . 

Trucks,  including  labor  21.00/hour 

Vans,  each  1.80/hour 

Setout  trucks,  each  1.80/hour 

Chipper,  including  labor  50.00/hour 


Value  of  chips 

Chipper  Segment 

Fill  the  van 
Close  the  van 


250.00/van 

minutes 

28 

5 


Because  the  chip  spout  was  not  very 
flexible,  the  single  full  van  had  to  be 
pulled  away  and  an  empty  van  positioned 
before  chipping  could  resume.   Thus,  al- 
though the  chipper  filled  a  van  in  an  average 
of  28  minutes,  another  26  minutes  were  con- 
sumed by  the  setout  truck  in  removing  the 
full  van  and  bringing  another  empty,  a  total 
of  54  minutes.   Given  a  9-hour  workday,  his 
system  was  operating  very  near  capacity  con- 
sidering refueling,  normal  maintenance,  and 
knife  changing.   Even  if  his  production 
quota  were  raised  by  the  mill,  his  operation 
could  not  have  supplied  much  extra  wood 
without  major  changes. 


Trucking  and  Setout  Truck  Segments     minutes 

Travel  time  on  landing  from  van 

storage  to  chipper  or  return  5 

Back  into  the  slot  7 

Move  out  of  the  slot  3 

Hook  up  to  a  van  10 

Drop  a  van  7 
Travel  time  on  highway: 

Garage  to  landing — empty  47 

Landing  to  mill — loaded  187 

Mill  to  landing — empty  192 

Mill  to  garage — empty  145 


Mill  Segment 


Although  there  were  many  possible 
changes  the  logger  could  have  considered, 
such  as  designing  a  more  flexible  chip 
spout,  working  a  longer  day,  or  even  adding 
another  shift,  he  chose  to  see  if  he  could 
reduce  the  setout  truck's  van  handling 
time.   A  simple  suggestion  was  to  add  an- 
other setout  truck.   With  a  second  setout 
truck  already  waiting  with  an  empty  van, 
it  could  move  in  as  soon  as  the  first  set- 
out  truck  removed  the  full  van. 


Thus  the  problem  we  examined  with  the 
simulator  was  this:   would  the  addition  of 
another  setout  truck  be  a  cost-effective 
way  to  increase  production?   To  answer  this 
question,  the  logger  ran  a  time  study  of 


Time  spent  in  mill  yard  activity  54 

Although  we  show  only  average  times  for 
simplicity's  sake,  the  data  varied  as  would 
be  expected  in  any  real  operation.   Our 
model  includes  this  variation,  an  important 
feature  of  any  simulation. 


Using  these  time  data,  2  weeks  of  op- 
erations were  simulated:   the  first  week 
with  one  setout  truck,  and  the  second  week 
with  two.   Instead  of  changing  the  produc- 
tion quota,  however,  we  simply  compared  the 
times  for  both  weeks  that  would  have  been 
available  for  more  chipping  if  the  mill 
would  have  purchased  the  wood  and  if  addi- 
tional vans  and  trucks  were  acquired.   The 
results  were  as  follows: 


One 

Two 

setout 

setout 

truck 

trucks 

Chipper  time  per  day — 
all  activities  re- 
quired to  fill  eight 
vans 

Chipper  time  per  van: 
Filling  vans 
Waiting  for  another 

empty  van 
Total 

Chipper  time  per  day 
waiting  for  trucks 
to  bring  more  empties 

Additional  production 
if  chipper  was  used 
to  fill  vans 

Net  revenue  per  trip 

Net  revenue  for  eight 
trips 

Net  revenue  if  addi- 
tional vans  were 
filled  and  hauled 
to  market 


8.99  hr 

28.43  min 

25.63  min 

54.06  min 

1.78  hr 


1.97  vans 
$  25.52 


8,92  hr 

28.43  min 

10.22  min 
38.65  min 

3.77  hr 


5.85  vans 
22.76 


$204.16 


$254.43 


$182.08 


$315.23 


The  simulator  demonstrated  that  even 
if  more  chips  could  be  sold,  the  use  of  a 
single  setout  truck  could  allow  daily  rev- 
enue (excluding  felling,  skidding,  and  all 
other  costs)  to  increase  by  only  25  percent. 
On  the  other  hand,  adding  an  inexpensive 
second  setout  truck  would  enable  daily  net 
revenue  to  increase  by  54  percent.   This 
happened  because  the  second  setout  truck 
reduced  the  time  that  the  chipper  spent 
waiting  for  another  empty  van  from  26  to 
10  minutes.   And  this  reduction  in  wasted 
time  increased  the  time  available  for  more 
chipping  from  1.78  hours  to  3.77  hours  per 
day. 

Although  the  net  revenue  per  trip  is 
less  for  the  second  week  because  of  the 
second  setout  truck's  cost,  total  profits 
could  be  larger. 

Admittedly,  this  is  a  fairly  simple 
problem  and  simulation  may  not  even  have 
been  required.   Yet  this  actual  case  allowed 
the  logger  to  see  how  realistic  simulation 
can  be  and  he  is  now  interested  in  trying 
simulation  on  the  more  complex  aspects  of 
his  operations.   (The  Appendix  contains  the 
two  summaries  of  cost  and  activity  provided 
by  the  simulator  for  this  example.) 

EXAMPLE  NUMBER  2--A  HYPOTHETICAL  CASE 

A  second  example  represents  a  general 
problem  faced  by  all  chip  truckers:   How 


many  trucks  and  vans  do  I  need?   This  ques- 
tion can  be  answered  easily  by  simulation 
but  there  are  really  two  different  answers 
depending  on  the  size  of  the  logger's  mar- 
ket for  chips.   If  he  can  sell  all  the 
chips  he  can  produce,  he  will  get  one  an- 
swer.  But  if  he  is  limited  to  a  quota, 
the  best  combination  of  trucks  and  vans 
will  be  different. 

Our  logger  has  a  full-tree  chipping 
operation  located  about  50  minutes  from  the 
mill.   His  chipper  can  fill  a  van  in  about 
28  minutes  and  works  a  10-hour  day.   But 
unlike  our  first  example,  there  are  three 
slots  for  vans  in  front  of  his  movable  chip 
spout.   This  means  that  the  chipper  may 
not  have  to  wait  for  another  empty  van. 
If  the  single  setout  truck  has  already 
placed  another  empty  van  in  an  adjacent 
slot,  only  the  chip  spout  has  to  be  moved. 

Incoming  trucks  first  try  to  drop 
their  empty  vans  in  a  slot  at  the  chipper. 
If  these  are  already  occupied,  they  will 
drop  the  van  at  the  storage  area  if  there 
are  full  vans  ready  to  haul  to  the  mill. 
If  not,  they  will  stay  attached  to  the  van 
and  wait  for  a  slot  to  open.   Other  fea- 
tures of  the  operation  such  as  costs,  mill 
yard  activity,  and  the  operation  of  a  sin- 
gle setout  truck  are  similar  to  the  first 
example. 

This  logger  would  like  to  know,  given 
the  current  chipping  rate  and  distance  to 
the  mill,  how  many  trucks  and  vans  should 
he  use. 

Using  the  information  describing  his 
operation,  we  used  the  simulator  to  operate 
the  system  for  20  different  combinations  of 
trucks  and  vans  (table  1).   Four  items  are 
displayed:   (1)  average  number  of  trips  per 
day,  (2)  gross  revenue  per  day,  (3)  truck, 
van,  setout  truck,  and  chipper  cost  per  day, 
and  (4)  net  revenue  per  day  (excludes  fell- 
ing and  skidding  costs) . 

To  emphasize  the  point  made  earlier, 
how  one  looks  at  this  information  depends 
on  the  situation. 


The  Logger  can  Sell  as  Much  as  He  Produces 

In  this  case  the  logger  is  concerned 
with  net  revenue  per  day.   As  each  van  is 
added,  both  the  chipper  and  trucks  spend 
less  time  waiting.   But  like  most  good 
things,  the  improvement  can  only  go  so  far. 


Table  1. — Simulated  gross  revenue,   cost,   and  net  revenue 
per  day  for  several  truck  and  van  combinations 
(In  dollars) 


Vans 
(number) 

Trucks    (numb 

ar) 

:      <! 

: 

5            : 

6             : 

7            : 

8 

G 

4   C 

N 

(1^ 

3, 

1, 
2, 

•  5)1 
625 
447 
178 

G 
5C 

N 

(1! 

3, 
1, 

•  5) 

888 
465 
422 

(17.40) 
4,350 
1,665 
2,685 

G 

N 

(15 
3, 

1, 

.85) 

963 

483 

(18.60) 
4,650 
1,683 

(20.05) 
5,013 
1,883 

n 

480 

2,967 

3,130 

G 

N 

(15 

3, 
1, 

.90) 

975 

501 

(19.05) 

4,763 
1,701 

(21.75) 
5,438 
1,901 

2, 

474 

3,062 

3,537 

G 

8C 

N 

(19.10) 

4,775 
1,719 

(22.10) 
5,525 
1,919 

3,056 

3,606 

G 

N 

(22.10) 
5,525 
1,937 

(24.25) 
6,063 
2,112 

3,5^3 

",951 

G 
10  c 

N 

(24.40) 
6,100 

2;  130 

3,970 

(24.60) 
6,150 
2,305 
3,8^5 

G 

N 

(24.50) 
6,125 
2,148 
3,971 

(24.45) 
6,113 
2,323 
3,790 

G 
12  C 

N 

(24.50) 
6,125 

2,166 

(24.50) 
6,125 
2,341 

3,95? 

3,784 

C 
13  c 

N 

(24.40) 
6,100 

2,359 
3,741 

Number  in  parentheses 
G  =  gross  revenue;  C  =  cost; 


=  average  number  of  trips  per  day; 
and  N  =  net  revenue. 


For  example,  with  five  trucks,  the  addition 
of  an  eighth  van  doesn't  help  at  all  be- 
cause the  maximum  productive  potential  of 
these  five  trucks  in  a  10-hour  day  was 
reached  with  seven  vans.   The  eighth  van 
merely  increases  costs. 

However,  the  productive  capacity  of 
the  chipper  has  not  been  achieved  yet. 
Five  trucks  and  7  vans  can  only  move  19 
vans  per  day  while  the  chipper  could  theo- 
retically produce  24  (600  min/day  *  25 
min/van) .   To  reach  this  point,  more  trucks 
and  vans  must  be  added. 

The  best  combination  under  these  con- 
ditions is  found  at  7  trucks  and  11  vans. 


Net  revenue  is  at  a  maximum  because  the 
productive  capacity  of  both  chipper  and 
trucks  has  been  reached. 


The  Logger  is  Limited 
to  a  Quota  of  20  Trips  per  Day 

It  should  be  apparent  that  because 
gross  revenue  is  now  limited  to  $5,000  (20 
trips,  $250/trip),  the  logger  must  find 
that  combination  of  trucks  and  vans  that 
can  reach  this  goal  at  minimum  cost.  Note 
also  that  in  table  1,  truck,  van,  setout 
truck,  and  chipper  cost  for  each  combination 
is  fixed  whether  the  equipment  is  used  to 
its  potential  or  not. 


Therefore,  the  best  combination  under 
a  quota  is  the  cheapest  combination  that 
can  meet  or  exceed  the  quota.   In  this  case 
it  is  six  trucks  and  six  vans.   No  smaller 
number  of  trucks  regardless  of  vans  can 
make  20  trips  per  day  and  adding  a  seventh 
or  eighth  van  or  more  trucks  is  futile  be- 
cause we  are  not  interested  in  wasted 


chipper  time  now,  just  minimum  cost.   Net 
revenue  under  this  combination  is  $3,117 
and  no  other  can  achieve  the  quota  and  earn 
more. 

This  example,  though  simple,  shows  the 
ease  with  which  production  functions  can  be 
determined  by  simulation. 


APPENDIX. --ACTUAL  SIMULATOR  REPORTS  OF  THE  CHIP  TRUCKING 
OPERATION  USED  IN  THE  EXAMPLE 


One  Setout  Truck 

System  Characteristics 
Chipping 

Chipper  cost  per  hour  including  labor: 

$49.80 
Number  of  slots:   1 
Daily  quota  of  vans  to  fill  and  haul 

to  mill:   8 
Estimated  average  time  to  fill  a  van 

with  no  waiting  for  wood  (minutes) : 

28 

Trucking 

Number  of  trucks:   4 

Number  of  vans:   9 

Truck  cost  per  hour  including  labor 

(each):   $21.00 
Van  cost  per  hour  (each):   $1.80 
Van  capacity  (tons) :   25 
Value  of  a  van  delivered  to  the  mill: 

$250.00 
Estimated  average  time  to  haul  a  van 

from  landing  to  mill  (minutes) :   187 

Setout  trucks 

Number  of  setout  trucks:   1 
Setout  truck  cost  per  hour:   $1.80 
Setout  truck  operating  rules: 

a.  Setout  truck  will  move  an  empty 
van  to  the  chipper  when  more  than 
0  slots  are  open. 

b.  Setout  truck  will  move  a  full  van 
to  the  storage  area  when  less  than 
0  slots  are  open. 

Production  and  cost  statistics 

General 

Total  days  simulated:   5 

Total  trips  completed  to  mill:   40 

Average  number  of  trips  completed  per 

day:   8 
Total  revenue  earned  (all  trips) : 

$10,000.00 
Total  cost  incurred  (all  trips): 

$8,978.96 


Net  revenue  (all  trips):   $1,021.04 
Gross  revenue  per  trip:   $250.00 
Total  cost  per  trip:     $224.47 
Attributable  to: 

Chipper:        $55.96 

Trucks:        $146.01 

Vans:  $20.25 

Setout  trucks:    $2.25 


Net  revenue  per  trip: 


$25.53 


Chipper  activity 

Average  chipper  time  per  day — all 

activities  (hours):   8.99 
Average  time  per  day  spent  waiting  for 
vans  to  fill  (hours):   5.00 

Trucking  activity 

Average  trucking  time  per  day — all 

activities  (hours):   13.90 
Average  round  trip  time — all  acti- 
vities (minutes):   417 
Productive  time  per  trip:   406 
Nonproductive  time  per  trip  waiting 
for:   11 
A  slot  to  open:   .00 
Its  own  attached  van  to  be  filled: 

.00 
Its  reserved  full  van  to  get  to 

the  storage  area:   .00 
Its  turn  to  be  weighed  full  or 

empty:   2.00 
Its  turn  to  be  dumped:   9.00 

Setout  truck  activity 

Average  number  of  empty  vans  brought 

to  the  chipper:   5.20 
Average  number  of  full  vans  brought 

to  the  storage  area  per  day:   8.00 
Average  time  per  day  spent  in  an  idle 

status  (hours):   1.81 

Two  Setout  Trucks 

System  characteristics 
Chipping 

Chipper  cost  per  hour  including  labor: 
$49.80 


Number  of  slots:   1 

Daily  quota  of  vans  to  fill  and  haul 

to  mill:   8 
Estimated  average  time  to  fill  a  van 

with  no  waiting  for  wood  (minutes) : 

28 

Trucking 

Number  of  trucks:   4 

Number  of  vans :   9 

Truck  cost  per  hour  including  labor 

(each):   $21.00 
Van  cost  per  hour  (each):   $1.80 
Van  capacity  (tons) :   25 
Value  of  a  van  delivered  to  the  mill: 

$250.00 
Estimated  average  time  to  haul  a  van 

from  landing  to  mill  (minutes) :   187 

Setout  trucks 

Number  of  setout  trucks:   2 
Setout  truck  cost  per  hour:   $1.80 
Setout  truck  operating  rules: 

Setout  truck  will  move  an  empty  van 
to  the  chipper  when  more  than  0 
slots  are  open. 
Setout  truck  will  move  a  full  van  to 
the  storage  area  when  less  than  0 
slots  are  open. 

Production  and  cost  statistics 

General 

Total  days  simulated:   5 

Total  trips  completed  to  mill:   40 

Average  number  of  trips  completed  per 

day:   8 
Total  revenue  earned  (all  trips) : 

$10,000.00 
Total  cost  incurred  (all  trips) : 

$9,089.55 


Net  revenue  (all  trips):   $910.45 
Gross  revenue  per  trip:   $250.00 
Total  cost  per  trip:     $227.23 
Attributable  to: 

Chipper:  $55.50 
Trucks:  $146.98 
Vans:  $20.25 

Setout  trucks:    $4.50 


Net  revenue  per  trip: 


$22.77 


Chipper  activity 

Average  chipper  time  per  day — all 

activities  (hours):   8.92 
Average  time  per  day  spent  waiting 

for  vans  to  fill  (hours):   5.00 

Trucking  activity 

Average  trucking  time  per  day — all 

activities  (hours):   13.90 
Average  round  trip  time — all  activi- 
ties (minutes) :   419 
Productive  time  per  trip:   407 
Nonproductive  time  per  trip  waiting 
for:   12 
A  slot  to  open  up:   .00 
Its  own  attached  van  to  be  filled: 

.00 
Its  reserved  full  van  to  get  to 

the  storage  area:   .00 
Its  turn  to  be  weighed  full  or 

empty:   .00 
Its  turn  to  be  dumped:   12.00 

Setout  truck  activity 

Average  number  of  empty  vans  brought 

to  the  chipper  per  day:   6.20 
Average  number  of  full  vans  brought 

to  the  storage  area  per  day:   8 
Average  time  per  day  spent  in  an  idle 

status  (hours):   7.92 
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INFLUENCE  ON  SOIL  PROPERTIES  OF  PRESCRIBED  BURNING 
UNDER  MATURE  RED  PINE 


David  H.  Alban 


Mature  red  pine  (Pinus  resinosa   Ait.) 
stands  usually  have  a  thick  accumulation 
of  organic  matter  on  the  soil  surface  and 
a  dense  shrub  layer.   These  conditions 
hinder  reproduction.   Before  the  advent  of 
the  white  man  in  North  America,  most  red 
pine  stands  regenerated  following  wild- 
fires.  The  fires  reduced  shrub  vegetation 
and  improved  seedbeds  by  reducing  the  depth 
of  the  forest  floors. 


Prescribed  burning,  therefore,  is  being 
studied  as  a  potentially  useful  tool  for 
establishing  red  pine  stands.   In  Ontario, 
two  consecutive  summer  burns  practically 
eliminated  hazel  understory  in  80-year-old 
red  pine  and  white  pine  (P.  strobus   L.) 
stands.   This  produced  good  regeneration 
and  increased  survival  of  seedlings  during 
the  first  year  (Van  Wagner  1963)  .   Simi- 
larly, light  intensity  burns  proved  effec- 
tive for  understory  control  in  loblolly 
pine  (P.  taeda   L.)  stands  in  southeastern 
United  States  (Lotti  et  at.    1960):   repro- 
duction was  improved  and  the  growth  of 
overstory  trees  wasn't  affected. 

The  effects  of  fire  on  both  soils  and 
vegetation  have  been  rather  completely 
reviewed  by  Burns  (1952)  and  Ahlgren  and 
Ahlgren  (1960).   Although  it  is  apparent 
that  these  changes  are  complex  and  depend 
on  a  host  of  factors,  certain  generaliza- 
tions seem  reasonably  consistent:   burning 
has  its  most  pronounced  effect  on  the  forest 
floor  in  which  carbon  (C) ,  nitrogen  (N) , 
and  sulfur  (S)  are  volatilized,  and  calcium 
(Ca) ,  magnesium  (Mg) ,  potassium  (K) , 
phosphorus  (P) ,  and  other  elements  are  left 
as  ash.   This  ash  is  leached  by  rains  into 
the  mineral  soil  which  increases  its  base 
saturation  and  pH.   These  changes  also  may 
have  important  effects  on  the  microbial 
population  of  the  soil  (Neal  et  al.    1965). 
Such  soil  changes  are  most  pronounced 
during  the  first  year  after  burns,  but 
these  properties  usually  revert  to  their 
preburn  level  within  a  few  years.   Infil- 
tration rate  also  frequently  decreases 
when  soil  pores  are  filled  with  fine  mate- 
rial and  soil  animals  are  killed,  which 
accelerates  erosion  under  some  topographic 
and  climatic  conditions. 


In  1960,  we  initiated  burning  experi- 
ments to  control  beaked  hazel  (Corylus 
oormuta,    Marsh)  understory  in  a  90-year-old 
red  pine  (Pinus  resinosa   Ait.)  stand  in 
Minnesota.   Twenty-eight  treatment  plots 
were  installed;  all  of  which  had  been 
thinned  to  120  ft   of  basal  area  per  acre. 
Four  plots  were  left  unburned:   the  remaining 
24  were  burned  either  during  the  dormant 
season  (spring)  or  the  growing  season  (sum- 
mer) at  different  intervals:   annually, 
biennially,  or  periodically  (6  to  9  years). 
Each  treatment  was  replicated  four  times 
and  assigned  to  the  plots  using  a  randomized 
block  design. 

Most  burns  were  made  between  5  to  15 
days  after  a  rain  when  the  moisture  con- 
tent of  the  forest  floor  averaged  100  per- 
cent (spring)  and  40  percent  (summer) . 
Backing  fires  from  downwind  were  used  to 
burn  the  first  20  foot  strip.   Headfires, 
which  varied  in  width  from  10  to  20  feet 
(fig.  1),  were  used  to  burn  the  remainder 


Figure  1. — Ignition  of  second  burn  on  a 
biennial  plot. 


of  each  plot.   This  minimized  charring 
of  stems,  scorching  of  crowns,  and  kept 
forest  floor  weight  losses  to  50  percent 
or  less. 

Burning  each  treatment  during  its 
scheduled  year  was  felt  to  be  more  impor- 
tant than  getting  the  hottest  possible 
fire.   Prolonged  dry  periods  with  their 
potential  for  very  hot  fires  were  rare  and 
burning  only  when  they  occurred  would  have 
resulted  in  very  few  burns. 

The  soils  have  been  tentatively  classi- 
fied as  belonging  to  the  Cutfoot  Soil  series 
(deep,  well-drained  soils  formed  from  medium 
and  coarse  sands  that  show  only  weak  profile 
development).   The  forest  floor  prior  to 
burning  was  about  3  inches  thick,  underlain 
by  loamy  sand  Al ,  A2,  and  B2  horizons  ap- 
proximately 1/2,  4,  and  14  inches  thick, 
respectively.   Below  the  B2  horizon,  the 


soils  were  mainly  stratified  sands  and 
gravels  interspersed  with  thin  lenses  of 
very  fine  sandy  loam.   Below  50  inches, 
calcium  carbonate  occurs  sporadically 
(tables  1,  2,  and  3). 

By  1969,  the  overstory  of  the  study 
stand  was  that  of  a  nearly  pure  100-year- 
old  red  pine  stand  (mean  diameter  at  breast 
height,  14.7  in.;  mean  height,  76  ft:  basal 
area,  141  ft  /acre;  volume,  4,380  ft3/acre; 
site  index,  about  55  ft).  Mortality  from 
burning  among  the  overstory  trees  was  low: 
it  totaled  3.5  ft  of  basal  area  per  acre, 
about  half  of  which  had  been  on  the  summer 
annual  burn  plots.   The  periodic  annual 
volume  increment  of  the  overstory  (average 
93  ft-Vacre)  had  not  been  significantly 
affected  by  the  burns. 

The  understory  on  the  unburned  plots 
was  dominated  by  hazel  stems  averaging  8-ft 


Table  1. — Distribution  of  organic  matter  and  nutrients  in  the  forest 

floor  on  unburned  plots 


Horizon 

;  ph  : 

Ash 

: Ovendry : 
:weight  : 

Organic 
matter 

!  n  *.  p  : 

K  '. 

Ca 

Mg 

L    4.70 
F    4.92 
H    5.02 
Total 

Percent 

6.5 
17.7 
52.8 

3,810 

9,190 

26,070 

3,560 

7,560 

12,300 

Lb/acre  - 

40   3.2 
115   8.0 
240  17.8 

14.0 
12.3 
31.0 

37 
102 
201 

4.3 
10.2 
28.0 

39,070 

23,420 

395  29.0 

57.3 

340 

42.5 

: 


Table  2. — Character  of  mineral  soil  on  unburned  plots 


Depth    iBulk1      T  ^Percent   of<2mm  soil: 

(in.)    : density :Gravel: Clay:    Silt    :    Sand — : 

g/cms       


PH 


Percent  - 


Percent 


0  to  4        1.24 

4   to   20     1.41 

20   to  39     1.48 


0 

6.1 

10.7 


5.0 
4.9 
4.3 


12.3 
5.8 
1.1 


82.7 
89.3 
94.6 


5.32 
5.65 
5.75 


0.059 
.017 
.008 


0.017 
.029 
.024 


Ca 


Mg      .      K      .H  +  Al 
meq/lOOg  -  -  -  -  ■ 


1.98 

.88 

1.63 


0.40 
.24 
.44 


0.17 
.07 
.09 


0.60 
.52 
.12 


Estimated  from  measurements  made  on  similar  soils   in  nearby  areas  and  assumed   to 
be   the  same  on  burned  and  unburned  areas. 


Table  3. — Understory  nutrient  composition  and  weights 
on  unburned  plots1 


Nutrient'     Herbs 

Shrub 
leaves 

:      Shrub      : 
:      stems      : 

Total 
weight 

Percent 

Lb/acre 

Percent 

Lb/acre 

Percent 

Lb/acre 

Lb/acre 

N       1.85 

4.4 

1.64 

3.8 

0.44 

5.6 

13.8 

P        .25 

.6 

.24 

.6 

.06 

.8 

2.0 

K      3.00 

7.2 

1.14 

2.7 

.25 

3.2 

13.1 

Ca       .73 

1.7 

2.28 

5.3 

.80 

10.2 

17.2 

Mg       .22 

.5 

.34 

.8 

.06 

.8 

2.1 

Ovendry  weight 

239 

233 

1,279 

1,751 

An  estimate  of   herbaceous  vegetation  was   obtained   in   the   summer 
of    1974  by  clipping  all  herbaceous  material  on   25   subplots    (2.7   ft') 
on  control  plots. 


in  height.   On  the  burned  plots,  most  of 
the  aboveground  parts  of  the  hazel  plants 
had  been  killed.   The  summer  burns,  how- 
ever, proved  more  effective  in  reducing 
hazel  sprouting  than  did  the  spring  burns. 
The  mean  number  of  hazel  stems  by  fre- 
quency of  burns  are  shown  in  the  following 
tabulation: 

No.   of  Stems   (M/aore) 


Unburned  (control) 

17 

(A)1 

Summer  burned 

Annual 

0 

(0) 

Biennial 

4 

(1) 

Periodic 

42 

(8) 

Spring  burned 

Annual 

38 

(10) 

Biennial 

54 

(17) 

Periodic 

59 

(8) 

Clearly  the  summer  annual  and  biennial 
burns  were  effective  in  reducing  hazel 
whereas  the  other  burns  were  not.   Although 
the  10  summer  annual  burns  had  eliminated 
the  hazel,  Buckman  (1964)  concluded  that  a 
single  burn,  if  hot  enough,  would  have  ac- 
complished the  same  result. 

Visual  observations  on  the  annual  sum- 
mer burned  plots  in  1974  showed  that  very 
few  hazel  plants  were  growing  indicating 
that  hazel  reinvades  slowly  after  it  has 
been  eliminated. 

In  the  fall  of  1969,  soil  samples  were 
collected  from  four  soil  pits  on  each  plot 
at  depths  of  0  to  4,  4  to  20,  and  20  to  39 
inches.   These  were  composited  in  the  field, 
air-dried  at  room  temperature,  and  sieved 
through  a  2-mm  screen.   The  fine  fraction  was 
used  for  all  laboratory  analysis  and  a  cor- 
rection was  applied  for  the  coarse  materials. 

The  mineral  soils  were  analyzed  for 
particle  size  distribution  by  hydrometer 
and  sieving  (Day  1965),  for  nitrogen  using 
the  Kjeldahl  method  (Bremner  1965),  and 
for  hydrogen  and  aluminum  using  titration 
with  NaOH  after  extraction  with  KC1  (Yuan 
1959).   Calcium,  magnesium,  and  potassium 
were  extracted  using  IN   neutral  ammonium 
acetate  and  determined  by  atomic  absorption. 
Phosphorus  was  extracted  using  0.01N   HC1 
(Alban  1972)  and  determined  colorimetri- 
cally.   pH  was  determined  in  a  1:1  soil/ 
water  mixture.   Cation  exchange  capacity 
(CEC)  was  taken  as  the  sum  of  the  bases 
plus  H  and  Al . 


^Standard  error  of  the  mean  shown  in 
parentheses . 


Bulk  density  was  assumed  to  be  unaf- 
fected by  burning  (Lunt  1951,  Metz  et  al. 
1961).   Therefore,  only  estimates  for  bulk 
density  were  mada  for  each  of  the  three 
depths  based  on  measurements  taken  on 
sandy  plots  scattered  throughout  the 
Chippewa  National  Forest. 

Forest  floor  samples  were  collected 
from  1-ft  square  areas  on  each  plot  by  L, 
F,  and  H  horizons.   Forest  floor  ovendry 
weights  were  determined  at  70CC. 

Three  representative  hazel  plants  col- 
lected from  each  of  the  control  plots 
(12  plants)  constituted  the  shrub  sample. 

The  shrub  samples  were  ovendried  at 
70°C,  after  which  the  leaves  were  separated 
from  the  stems  and  the  ratio  of  leaf  to 
stem  weight  was  determined.   This  ratio 
was  used  to  estimate  pounds  per  acre  of 
the  leaves  and  stems  based  on  hazel  volumes 
measured  in  1969  and  stem  densities,  which 
had  been  measured  previously  (Buckman 
1966). 

Samples  of  the  forest  floor  and  the 
understory  plants  were  ground  in  a  Wiley 
mill  to  pass  a  20-mesh  screen  and  redried 
at  70°C  before  nutrient  analysis.   The  con- 
centration of  each  nutrient  in  the  forest 
floor  and  in  the  understory  plants  was 
determined  as  follows:   N  by  Kjeldahl; 
and  Ca,  Mg,  K,  and  P  by  ashing  in  a  muffle 
furnace  at  525°C  for  2  hr  followed  by  up- 
take in  2>N   HC1,  and  determination  as  for 
the  mineral  soils.   An  estimate  of  organic 
matter  was  made  from  the  loss  on  ignition 
at  525°C.   pH  was  determined  using  a  4:1 
water/organic  material  ratio. 


RESULTS  AND  DISCUSSION 

Burning  destroyed  the  L  horizons  on  all 
plots  and  the  F  horizons  on  the  annual  and 
biennial  burned  plots.   On  the  periodically 
burned  plots,  the  F  horizon  was  reduced  but 
not  eliminated.   The  color  of  the  H  horizons 
turned  black  because  of  charring  and  the 
downward  movement  of  organic  colloids. 
This  horizon  was  compacted;  and  presumably 
it  became  less  porous.   Except  for  occa- 
ssional darkening  nrar  the  surface,  changes 
in  the  mineral  soil  were  not  discernible. 

The  summer  annual  burns  consumed  all 
of  the  forest  floor  and  exposed  the  mineral 
soil  in  patches  covering  less  than  5  percent 
of  the  area  of  the  burned  plots.   This 


agrees  with  Tarrant  (1956),  who  reported 
that  slash  burning  exposed  mineral  soil  on 
less  than  3  percent  of  the  burned  area  in 
the  Douglas  fir  region.   However,  studies 
involving  more  intense  fires  have  been 
reported  in  which  the  mineral  soil  was  left 
exposed  on  25  to  50  percent  of  the  study 
area  (Van  Wagner  1972). 

Forest  Floor 

The  organic  matter  in  the  forest  floor 
was  reduced  by  nearly  one-half  by  the  an- 
nual summer  burns  (table  4) .   This  amounted 
to  about  11,000  lb/acre,  which  corresponds 
with  the  amount  of  organic  matter  in  the 
L  and  F  horizons  of  the  unburned  plots 
(table  1).   Thus,  it  appears  the  H  horizon 
remains  unburned  even  under  the  most  in- 
tense burning,  except  in  isolated  patches 
where  large  amounts  of  fuel  have  accumulated. 

Annual  accumulation  of  litter  to  the 
forest  floor  can  be  roughly  estimated  as 
equal  to  the  weight  of  the  forest  floor  L 
horizon — about  3,810  lb-acre  (table  1). 
This  agrees  with  litterfall  estimates  for 
red  pine  reported  by  Chandler  (1944),  Lunt 
(1951),  and  Tappeiner  and  Aim  (1975).   How- 
ever, it  is  about  50  percent  greater  than 
values  reported  by  Alway  and  Zon  (1930)  and 
about  35  percent  lower  than  those  obtained 
under  a  40-year-old  red  pine  plantation  on 
a  sandy  soil  in  northern  Minnesota.   It 
also  agrees  very  closely  with  estimates 
published  by  Bray  and  Gorham  (1964)  for 
stands  at  latitudes  comparable  to  Minnesota. 

Shrub  leaves  contributed  233  lb  to 
this  estimate  of  3,810  lb/acre;  herbs,  239 
lb  (table  3).   Thus,  together  they  only 
accounted  for  approximately  12  percent  of 
the  total,  which  is  comparable  to  the  15 


percent  reported  by  Scott  (1955)  for  stands 
in  Connecticut. 

The  contribution  of  the  understory  to 
the  nutrient  content  found  in  the  litter, 
however,  is  much  greater  than  this  12  per- 
cent would  indicate  because  of  the  high 
nutrient  concentration  in  understory  foli- 
age.  For  example,  the  understory  nutrient 
concentrations  shown  in  table  3  are  1.5  to 
5  times  higher  than  those  reported  for 
overstory  red  pine  trees  by  Hoyle  and  Mader 
(1964),  Alban  (1974),  or  Tappeiner  and  Aim 
(1975).  Moreover,  they  are  similarily 
higher  than  those  found  in  the  L  horizon 
of  the  unburned  plots,  which  were  composed 
primarily  of  red  pine  foliage. 

The  same  amounts  of  organic  matter  were 
left  on  the  ground  on  all  the  summer  burned 
plots  after  fire,  regardless  of  frequency 
of  burns.   This  can  be  derived  by  sub- 
tracting the  amount  of  litter  which  has 
fallen  onto  the  plots  since  the  last  fire 
from  the  total  forest  floor  weight  (table 
4):   for  the  summer  biennial  burns,  sub- 
tract 1  years'  litterfall  (3,560  lb— table 
1),  and  for  the  summer  periodic  burn,  sub- 
tract 2  years'  litterfall  (7,120  lb). 

The  weight  of  the  organic  matter  in 
tbe  forest  floor  of  the  summer  periodically 
burned  plots  averaged  only  2,900  lb/acre 
less  than  the  average  for  the  unburned 
plots  (table  4) .   This  indicates  that  the 
organic  matter  in  the  forest  floor  returns 
rapidly  to  preburn  levels. 

Because  all  the  spring  burns  were 
burned  in  1969,  the  values  of  organic  mat- 
ter shown  in  table  4  are  directly  compara- 
ble.  The  slight  decreases  from  annual  to 
biennial  to  the  periodic  treatments  prob- 
ably can  be  attributed  to  more  litter  ac- 
cumulating on  the  less  frequently  burned 


ts,  ^ 
1  thos 

ts. 


Table  4. — Effect  of  burning  on  the  forest  floor 


Months 

Treatment 

pH 

Organic 
matter 

N 

P 

K 

Ca 

Mg 

since  last 

prescribed 

fire 

■  Lb/aai 

*e  -  -  - 

Control 

4.91 

23,400 

395 

29.0 

57.3 

340 

42.5 

— 

Summer 

Annual 

5.95* 

12,400* 

265* 

21.8* 

33.5* 

289 

33.0* 

2 

Biennial 

5.72* 

14,900* 

287* 

21.0* 

40.2* 

315 

34.8* 

14 

Periodic 

5.30* 

20,500 

343 

22.9* 

39.3* 

323 

35.6 

26 

Spring 

Annual 

5.88* 

18,600* 

346 

27.0 

53.1 

403 

45.5 

4 

Biennial 

6.00* 

17,500* 

348 

28.2 

70.2 

438* 

48.7 

4 

Periodic 

5.86* 

15,700* 

298* 

23.5* 

55.0 

322 

36.5 

4 

ere  li 


*Indicates  significant  differences  from  the  control  at  the  10  percent 
level. 


s,  and  that  these  caused  hotter  burns 
i  those  on  the  more  frequently  burned 
s. 

Nutrient  and  pH  Changes 

Lower  amounts  of  N,  P,  K,  Ca,  and  Mg 
;  found  in  the  forest  floor  on  the  an- 
.  summer  burn  plots  than  were  found  on 
unburned  plots  (table  A).   However, 
r  the  reduction  in  the  amount  of  K  was 
ironounced  as  the  reduction  in  organic 
:er.   This  indicates  that  some  of  the 
ients  released  during  burning  are  re- 
ied,  at  least  temporarily,  within  the 
lining  forest  floor,  which  increases  the 
entration  of  bases  in  the  forest  floor, 
i  along  with  the  volatilization  or  or- 
.c  acids  during  burning  increased  the 
rom  A. 91  to  5.95. 

After  the  annual  summer  burns  most  of 
released  Ca,  much  of  the  released  Mg , 
little,  if  any,  of  the  released  K  is 
ined  within  the  forest  floor  (table 

The  strength  with  which  cations  are 
d  to  exchange,  sites  decreases  in  the 
r  Ca>Mg>K  (Black  1968,  p.  237).   Thus, 
Ca  released  during  burning  is  selec- 
:ly  absorbed  into  the  exchange  sites, 
reduction  in  nitrogen  in  the  forest 
ir  is  due  to  volatilization  (Knight 
0  and  possibly  also  to  downward  mi- 
ion  of  organic  material  (DeBano  et  at. 
)• 

After  summer  annual  burning  phosphorus 
i  is  reduced  in  the  forest  floor.   P  is 
sased  after  burning  as  a  negatively 
■ged  ion;  therefore,  it  would  not  be 
>cted  to  be  held  en  the  exchange  sites 
:he  forest  floor  because  most  of  the 
:s  are  negatively  charged.  Most  P  in 
[  forest  soils  is  held  as  iron  and 
linum  precipitates  (Wild  1950).   There- 
;,  P  released  after  fire  should  be  most 
mgly  retained  within  the  mineral  soil 
•e  iron  and  aluminum  are  concentrated. 

The  biennial  and  periodic  summer  burns 
affected  the  forest  floor  in  much  the 
way  as  the  annual  burns  except  that 
effect  has  been  lessened  somewhat  by 
litterfall  on  these  plots  since  the 

burn  (table  A) .   The  composition  of 
litterfall  since  the  last  burns  on  the 
nially  and  periodically  burn  plots  is 
ably  similar  to  that  in  the  L  horizon 
he  unburned  plots  (table  1).   It  has 
eased  the  organic  matter  and  nutrients 
lowered  the  pH  of  the  forest  flcor  on 
biennially  and  periodically  burned 
s . 


The  spring  periodic  treatment  was 
burned  in  1960  and  1969.   Thus,  by  1969 
the  L  and  F  horizons  and  the  shrub  layer 
had  built  essentially  back  to  their  pre- 
burn  level  (Buckman  196A)  .   Consequently, 
the  1969  fire  would  have  consumed  about 
7,700  lb/acre  of  forest  floor  organic 
material  (table  A)  as  well  as  about  1,279 
lb/acre  of  shrub  stems  (control  level  table 
3)  consisting  primarily  of  hazel,  but  with 
some  willow,  serviceberry ,  etc.   Obviously 
with  this  amount  of  organic  material  con- 
sumed, there  would  be  a  large  loss  of 
nitrogen,  and  a  sizeable  deposition  of 
nutrient-rich  ash  on  the  forest  floor. 
This  large  deposition  of  nutrients  has 
largely  been  leached  from  the  forest  floor 
as  shown  by  the  fact  the  P,  K,  Ca,  and  Mg 
actually  are  slightly  lower  on  the  spring 
periodic  plots  than  on  the  control  (table 
A). 

The  annual  and  biennial  spring  burns 
substantially  reduced  the  organic  matter 
of  the  forest  floor  and  increased  its  pH. 
The  amounts  of  most  nutrients  are  not  sig- 
nificantly different  from  those  on  the 
unburned  plots,  but  the  trends  indicate 
slight  decreases  of  N  and  P,  and  increases 
of  Ca  and  Mg. 

Only  on  the  annual  and  biennially 
spring  burned  plots  was  there  evidence  of 
nutrient  accumulations  in  the  forest  floor. 
This  can  probably  be  attributed  to  the 
vigorous  growth  of  the  herbaceous  vegeta- 
tion on  these  plots.   In  1969,  for  example, 
litter  accumulations  (L  horizon)  on  the 
following  were  (lb/acre) :   spring  annual 
burn  plots,  A, 530;  spring  biennial,  A, 860; 
spring  periodic,  3,160;  and  summer  annual, 
3,8A0.   The  greater  litterfall  on  the  spring 
annual  and  biennial  burned  plots  is  also 
considerably  richer  in  nutrients  than 
other  plots  due  to  the  higher  percentage 
of  herbs  (table  3) .   This  indicates  a 
greater  degree  of  nutrient  cycling  occurred 
as  a  result  of  these  burns. 

Mineral  Soil 

The  clay  content  was  not  significantly 
affected  at  any  depth  by  the  burns  (table 
5) .   Soil  pH  in  the  0  to  A  inch  layer 
was  significantly  increased  after  all  ex- 
cept the  summer  periodic  burns.   Below  A 
inches,  there  were  no  significant  changes 
in  pH. 

Cation  exchange  capacity  (CEC)  was 
higher  after  burning  in  the  0  to  A  and 


Table  5. — Effect  of  burning  on  the  mineral  soil 


Depth 
(in.) 

.   Treatment    . 

Clay    ! 

CEC      J 

pH  ; 

N 

'.        P 

:  K 

Ca   ! 

Mg 

Percent 

meq/lOOg 

Lb/acre  ■ 

Control 

5.0 

3.15 

5.32 

65A 

186 

75.1 

A38 

5A.3 

Summer  (annual 

0  to  A 

and  biennial)1 

A. A 

3.17 

5.53* 

620 

260* 

69.6 

A71 

58.7 

Summer  (periodic) 

A. 3 

3.36 

5.AA 

663 

226 

67.8 

A96 

65.1* 

Spring  (all  burns) 

1  5. A 

3.65* 

5.50* 

683 

252* 

82.2 

561* 

67.2* 

Control 

A. 9 

1.71 

5.65 

78A 

1,260 

135 

827 

140 

Summer  (annual 

4  to  20 

and  biennial) 

A. 2 

2.15 

5.71 

852 

1,210 

17A 

1 

,260* 

196 

Summer  (periodic) 

A. 7 

2.16 

5.65 

880 

939 

170 

1 

,190 

19A 

Spring  (all  burns) 

1  5.0 

2.57* 

5.66 

918 

1,160 

200* 

1 

,520* 

250* 

Control 

A. 3 

2.28 

5.75 

AA9 

1,400 

203 

1 

,930 

323 

Summer  (annual 

20  to  39 

and  biennial) 

A. 2 

2.86* 

5.8A 

A92 

1,540 

207 

2 

,A60* 

377* 

Summer  (periodic) 

5.0 

2.17 

5.82 

508 

1,230 

181 

1 

,900 

320 

Spring  (all  burns) 

1  3.9 

2.31 

5.77 

AA8 

1,370 

18A 

1 

,950 

302 

lis  vers 
lPei 
Di 
tlina 
10  yei 
that 
•s  res'. 
iges 


Even 
.  Hint  of 

fores 


*Indicates  significant  differences  f 
'Effects  didn't  differ  significantly 


rom  the  control  of  the  10  percent  level, 
therefore,  these  are  combined. 


particularly  the  4  to  20  inch  layers,  even 
though  only  the  effects  of  the  spring 
burns  were  significantly  different  than 
those  on  the  unburned  plots.   The  summer 
annual  and  biennial  burns  increased  cation 
exchange  capacity  in  the  20  to  39  inch 
layer.   The  CEC  of  soils  is  largely  a 
function  of  the  kind  and  amount  of  clay 
and  organic  matter  as  well  as  of  pH.   The 
increases  would  require  sizeable  trans- 
location of  clay,  which  didn't  occur.   The 
pH  changes  do  not  seem  adequate,  partic- 
ularly in  the  deeper  layers,  to  explain 
the  CEC  changes  either,  although  they  might 
have  played  a  minor  role.   It  would  seem 
that  the  downward  translocation  of  organic 
material,  as  hinted  at  by  the  nitrogen  in- 
creases, must  be  largely  responsible  for 
the  increases  CEC.   Kononova  (1961,  p.  62) 
and  Black  (1968,  p.  222)  have  reported 
that  soil  organic  matter  has  a  CEC  meas- 
ured in  the  hundreds  of  meq/100  g,  and 
that  the  values  increase  as  the  pH  rises. 
The  very  high  CEC  of  the  organic  matter 
means  that  small  amounts  of  organic  mat- 
ter when  translocated  downward  in  the  pro- 
file of  soils  having  low  CEC  can  signif- 
icantly increase  the  soil  CEC. 

An  increase  in  CEC  improves  the  capac- 
ity of  the  soil  to  hold  cations.   It  is 
obvious  in  table  5  that  Ca  and  Mg  (the  pre- 
dominant cations  on  the  exchange  sites) 
have  increased  wherever  the  CEC  has  in- 
creased.  It's  noteworthy  that  all  spring 
and  the  summer  periodic  burns  produced  the 
largest  increases  of  Ca  and  Mg  in  the  4  to 
20  inch  layer  but  none  in  the  20  to  39 
inch  layer.   The  summer  annual  and  biennial 
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burns,  however,  produced  large  cation  in- 
creases in  both  of  these  layers.   This 
indicates  that  downward  leaching  of  Ca  and 
Mg  was  the  most  intensive  after  the  summer  ,rer 
annual  and  biennial  burns.   This  would  be 


expected  because  these  burns  would  reduce  a 
more  than  other  burns  the  amounts  of 
understory  vegetation  available  to  inter 
cept  rainfall  and  the  amount  of  forest 
floor  to  absorb  and  retain  rainfall. 
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Soil  nitrogen  was  not  significantly 
altered  by  burning  but  the  tendency  was 
for  slight  increases  in  the  4  to  20  and  20 
to  39  inch  layers.   This  may  represent  the 
downward  movement  of  organic  material  after 
burning  that  was  observed  by  DeBano  et  at 
(1967)  and  Smith  (1970). 
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The  phosphorus  in  the  0  to  4  inch  layen  shiPs 
increased  considerably  after  burns,  which 
reflects  the  limited  mobility  of  phospho-  |>  J- 
rus  in  acid  soils.  This  concurs  with  Wild  •  produ 
(1950)  who  reported  that  phosphorus  is  p. 
strongly  retained  by  acid  soils  and  with  per, 
Cole  and  Gessel  (1965)  who  showed  that  very  [InHc- 
little  P  moves  below  36  inches  in  a  gravel! 
soil  even  after  clearcutting. 
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The  effects  of  burning  on  the  soil 
(tables  4  and  5)  are  the  combined  result  I 
of  the  most  recent  burn  and  the  burning  re- 
gime over  the  last  10  years.   An  indication 
of  the  importance  of  the  last  burn  can  be 
obtained  from  the  data  for  the  dormant 
season  burns,  all  of  which  were  burned  in 
1969.   Both  the  forest  floor  and  the  mineral  : 
soils  differed  little  among  the  three 
treatments  even  though  the  spring  annual 
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s  were  burned  10  times  whereas  the 
ng  periodic  burns  were  burned  only 

Data  from  a  similar  study  in  South 
Lina  showed  that  prescribed  burning 
10  years  affected  some  soil  properties 
that  continued  burning  for  another  10 
5  resulted  in  little  further  soil 
>es  Wells  (1971). 


CONCLUSIONS 

Even  though  burning  has  reduced  the 
nt  of  organic  matter  and  nutrients  in 
forest  floor,  these  losses  are  more 
made  up  for  by  increases  within  the 
ral  soil.   These  soil  changes  and  the 
fected  tree  growth  suggest  that  pre- 
bed  fires  resulting  in  volatilization 
p  to  one  half  of  the  forest  floor 
tit  have  had  no  affect  on  site 
activity. 
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SUGAR  MAPLE  AND  YELLOW  BIRCH  SEEDLING  GROWTH 
AFTER  SIMULATED  BROWSING 

Frederick  T.  Metzger 


Many  shoots  and  buds  of  northern  hard- 
wood reproduction  are  damaged  by  insects 
(Knight  1968)  and  browsing  animals  (Stearns 
1968) .   Such  damage  to  the  terminal  shoot 
has  long  been  considered  detrimental  to 
height  growth,  stem  form,  and  vigor. 

Jacobs  (1969)  found  deer  browsing  does 
not  always  hamper  sugar  maple  seedling 
development.   His  results  prompted  a  study 
of  how  growth  of  damaged  seedlings  is  in- 
fluenced by  seedling  characteristics  and 
leader  injury  during  the  dormant  season. 

Sugar  maple  (Acer  saccharum   Marsh)  and 
yellow  birch  (Betula  alleghaniensis   Britton) 
seedlings  were  used  and  represent  two 
broad  groups  of  trees  that  differ  in  shoot 
organization.   Sugar  maple's  winter  buds 
contain  preformed  shoots;  they  have  true 
terminal  buds  and  the  lateral  buds  are 
opposite.   Shoots  in  the  winter  buds  of 
yellow  birch  are  not  fully  preformed 
(Kozlowski  and  Clausen  1966)  and  apical 
buds  may  abort;  lateral  buds  are  alternate. 


METHODS 

The  study  was  conducted  in  two  stands 
of  sugar  maple-beech-yellow  birch  (SAF  type 
25)  on  the  Upper  Peninsula  Experimental 
Forest  near  Marquette,  Michigan.   The  sugar 
maple  seedlings  were  under  a  shelterwood 
overstory  cut  to  97  ft   of  basal  area  per 
acre  (22  m  /ha)  and  treated  with  herbicides 
in  1960  and  recut  to  80  ft2  (18  mz/ha)  in 
1966.   The  yellow  birch  seedlings  grew  in 
a  clearcut  area  2  chains  (40  m)  by  8  chains 
(160  m)  cut  and  treated  with  herbicides  in 
1960.   Both  stands  were  originally  mature 
to  overmature.   No  natural  animal  injury 
to  leaders  occurred  during  the  study. 

Under  natural  conditions  the  number 
and  size  of  buds  on  leaders  and  the  length 
of  leaders  vary  greatly.   A  bud  position 
index  was  devised  to  account  for  these 
differences  and  permit  standardizing  treat- 
ments.  Values  were  derived  by  dividing  the 
number  of  lateral  bud  positions  on  a  leader 


into  the  number  of  buds  or  bud  pairs  lo- 
cated above  a  selected  bud  (fig.  1).   Buds 
with  a  given  index  value  bear  a  relatively 
constant  relation  to  the  lengths  of  the 
other  buds  on  the  leader. 


Figure  1. — Shoot  of  yellow  birch  illustrating 
treatment   locations  and  bud  position 
indices  for  an  11-bud  leader. 


Treatments  simulated  natural  damage  by 
removing  portions  of  the  current-year 
leader  above  specific  bud  position  indices 
(fig.  1).   Bud  position  and  size,  and  the 
amount  of  leader  removed  by  treatment  is 
given  in  table  1.   The  6  treatments  were 
replicated  10  timeii,  using  a  total  of  60 
seedlings  of  each  species. 


Table  1. — Summary  of  treatments:     mean  bud  lengths, 
positions,   and  percent  of  leader  and  buds  removed 


YELLOW  BIRCH 


Treatment 

:  Control 

:  A   : 

B 

C   : 

D   : 

E 

Bud  length  (mm) 

5.4 

Ha 

7.6 

H.i 

5.8 

2.2 

Bud  position 

0 

0.15 

0.41 

0.66 

0.84 

0.95 

Buds  removed  (percent) 

0 

14 

37 

61 

77 

87 

Leader  removed  (percent) 

0 

13 

35 

63 

85 

97 

SUGAR  MAPLE 

Bud  length  (mm) 

*6.8 

3.5 

^6.3 

'6.0 

4.8 

0.9 

Bud  position1 

0 

0.18 

0.46 

0.64 

0.82 

1.00 

Buds  removed  (percent) 

0 

15 

39 

54 

70 

85 

Leader  removed  (percent) 

0 

1 

30 

63 

84 

98 

'See  text  for  definition 

2Bud  length  means  that  do  not  differ  significantly  at  0.05 
level,  Duncan's  new  multiple  range  test.  All  other  bud  length 
means  differ  from  others  within  a  species. 


Elongation  of  all  shoots  developing  in 
1968  that  originated  from  buds  on  the  1967 
leader  was  measured  weekly  during  the 
period  of  rapid  growth  and  less  often  later 
in  the  season.   The  dominant  shoot  was 
determined  at  the  last  measurement  in 
October. 

The  relation  of  a  bud's  length  to  its 
position  on  the  leader  was  determined  from 
measurements  on  100  undisturbed  seedlings 
of  each  species. 

Treatments  were  arranged  in  a  random- 
ized block  design.   T-test,  analysis  of 
variance,  and  Duncan's  new  multiple  range 
test  with  a  0.05  level  of  significance  were 
used.   Stepwise  multiple  regression  pro- 
cedures (UCLA-BMD02R  programs)  were  used 
to  screen  tree  characteristics  related  to 
shoot  elongation.   Final  equations  con- 
sisted of  variables  whose  contribution  to 
reducing  the  residual  variance  was  sig- 
nificant at  the  0.05  level. 


RESULTS 

Yellow  Birch 

Bud  length  as  related  to  leader  posi- 
tion on  undamaged  seedlings  is  described  by 
a  quadratic  equation  that  accounts  for  54 
percent  of  the  variation  in  length  (fig.  2). 
Maximum  lengths  occur  between  bud  position 
indices  0.33  to  0.50.   The  shortest  buds 
are  at  the  base  of  the  leader.   Eighty  per- 
cent of  all  lateral  buds  are  longer  than 
the  terminal. 

On  undipped  yellow  birch,  shoot  elon- 
gation from  terminal  and  lateral  buds  on 


Control  A 


BUD  POSITION  INDEX 

Figure  2. — Relation  between  bud  length  and 
position  on  1967  leaders  and  range  of 
positions  included  in  clipping  treat- 
ments.     Regression  equation  for  the 
relations  are:     yellow  birch — BL  = 
5.12  +  11.01   BPI-13.25  BPI2;   Sugar 
maple— BL  =  6.64  -   15.91   BPI  +  48.86 
BPI2  -   38.83  BPI3;   where  BL  is  bud 
length  and  BPI  is  bud  position  index. 


the  leaders  was  related  to  bud  length. 
The  longest  shoots  originated  from  the 
longest  buds;  they  were  60  percent  longer 
than  the  leaders  (fig.  3).   After  the  1968 
growing  season,  these  lateral  shoots  also 
projected  above  the  leaders  on  40  percent 
of  the  seedlings.   Below  a  bud  position 
index  of  0.50,  bud  length  became  unimpor- 
tant, as  only  short-shoots  (less  than  0.02 
ft)  developed.   Short-shoots  developed 
rapidly,  ceasing  elongation  by  late  May. 
Long-shoot  laterals  and  the  leader  con- 
tinued elongation  into  August. 


stimulated  elongation  in  treatments  C,  D, 
and  E.   Buds  that  normally  would  have  been 
short-shoots  on  undipped  seedlings  elon- 
gated as  much  as  normal  leaders. 


One  season  after  clipping  the  heights 
of  treatment  A  and  B  seedlings  were  compa- 
rable to  the  controls  (0.05  level,  table  2). 
The  growth  of  replacement  leaders  in  treat- 
ments C,  D,  and  E  was  not  stimulated  enough 
to  offset  the  loss  of  the  old  leader  and 
their  heights  declined  significantly. 


The  period  of  most  rapid  elongation 
was  delayed  in  proportion  to  the  severity 
of  treatment.   In  seedlings  with  the  se- 
verest clipping,  peak  growth  rate  was  de- 
layed 20  days. 

Regression  analyses  showed  that  the 
extent  of  shoot  elongation  was  dependent 
upon  both  bud  and  other  seedling  proper- 
ties.  Sixty-three  percent  of  variation  in 
shoot  elongation  was  accounted  for  by 
height  growth  two  seasons  before  clipping 
and  the  interaction  terms  of  position  of 
the  bud  originating  the  shoot  and  its 
length,  total  seedling  height,  and  height 
growth  during  the  second  season  before 
clipping.   These  variables  were  about 
equally  important  on  the  basis  of  standard 
partial  correlation  coefficients.   Similar 
analyses  of  the  change  in  height  caused 
by  clipping  and  regrowth  gave  a  slightly 
more  precise  equation  with  fewer  variables. 
Seedling  height  and  bud  length  and  position 
accounted  for  66  percent  of  the  variation 
in  the  change.   Bud  position  and  percent 
of  stem  removed  could  be  interchanged  in 
the  equation  without  affecting  its  pre- 
cision. 

Sugar  Maple 


Figure  3. — Shoot  elongation  of  yellow  birch 
in  relation  to  bud  position  and  degree 
of  clipping.      (I)   Normal  pattern  on 
undipped  seedlings  for  terminal  and 
lateral  buds  in  positions  comparable  to 
those  in  treatments .  (II)  Pattern  for 
buds   left  uppermost  on  clipped  seedlings 
and  the   leader  of  the  control. 

Clipping  did  not  adversely  affect  elon- 
gation of  replacement  leaders  (fig.  3).   In 
all  treatments,  the  replacements  elongated 
as  much  as  normal  leaders  on  undipped 
seedlings.   Comparing  shoots  from  buds  at 
the  same  position  on  clipped  and  undipped 
seedlings  showed  no  differences  in  lengths 
for  treatments  A  and  B.   However,  clipping 


Bud-size  patterns  in  sugar  maple  dif- 
fered from  yellow  birch.   Terminal  buds 
were  the  longest  bud  on  69  percent  of  the 
leaders.   When  they  weren't,  only  one  pair 
of  lateral  buds  usually  exceeded  them  in 
length.   The  longest  lateral  buds  occurred 
between  positions  0.4  and  0.6.   Buds  im- 
mediately below  the  terminal  bud  were  the 
shortest  lateral  buds  in  leaf  axils.   Buds 
at  the  base  of  the  leader  were  even  shorter 
(usually  <0.5  mm)  but  these  were  associated 
with  the  bud  scale  scars  of  the  prior 
year's  terminal  bud  (Church  and  Godman 
1966) .   Seventy-eight  percent  of  the  var- 
iation in  bud  length  was  accounted  for  by 
a  cubic  expression  of  bud  position  (fig. 
2). 


Table  2. — Net  height  increment1  following  clipping 
(In  fe.;t) 


Species 

Control 

Treatment 

:   A 

B   :   C   :   D 

:   E 

Yellow  birch 
Sugar  maple 

'0.99a 
•80a 

0.96a 
•51h 

0.75a   0.33b  -0.34c 
.44h    .37h    .00r 

-0.56c 

Net  height  increment  =  height  one  season  after  clipping  - 
height  before  clipping. 

Common  suffix  indicates  species  means  that  do  not  differ 
significantly  at  the  0.05  level  of  rejection. 


In  contrast  to  yellow  birch,  leaders 
on  undipped  sugar  maple  elongated  twice 
as  much  as  any  lateral  shoot  (fig.  4). 
Most  of  the  lateral  shoots  originated  from 
the  larger  lateral  buds  at  positions  0.3 
to  0.5.   On  the  balance  of  the  leader, 
only  one-third  of  the  buds  in  leaf  axils 
and  none  of  the  basal  buds  at  position  1.0 
broke  dormancy.   Leaders  attained  90  per- 
cent of  their  elongation  by  mid-June. 
Lateral  shoots  did  so  more  rapidly,  reach- 
ing this  level  by  early  June. 


Figure  4. — Shoot  elongation  of  sugar  maple 
in  relation  to  bud  position  and  degree 
of  clipping.      (I)   Normal  pattern  on 
undipped  seedlings  for  terminal  and 
lateral  buds  in  positions  comparable  to 
those  in  treatments.      (II)   Pattern  for 
buds   left  uppermost  on  clipped  seed- 
lings and  the   leader  of  the  control. 


Clipping  promoted  elong 
replacement  leaders  in  trea 
and  D;  they  equalled  normal 
on  undipped  seedlings  (fig 
leaders  in  treatments  A  and 
than  one-fourth  the  length 
undipped  seedlings.  Thus 
clipped  seedlings  were  sign 
than  undipped  maple  at  the 
(table  2). 


ation  of  the 
tments  B,  C, 

leader  growth 
4) .   The  new 

E  were  less 
of  leaders  of 
heights  of  all 
ificantly  less 

end  of  season 


Damage  to  the  terminal  bud  often  re- 
sults in  forking,  a  serious  defect  in  older 
trees.   Consequently,  lengths  of  bud  pairs 
left  uppermost  after  clipping  and  their 
shoot  growth  were  compared.   Fork  members 
on  clipped  seedlings  were  comparable  in 
length  (i  10  percent)  on  26  percent  of  the 
seedlings.   Length  of  the  bud  pairs  had  to 
differ  by  more  than  0.5  mm  before  the 
larger  bud  would  consistently  originate 
the  dominant  shoot,  this  difference  only 
occurred  in  28  percent  of  all  bud  pairs. 

Seventy-five  percent  of  the  variation 
in  shoot  elongation  was  accounted  for  by 
the  position  of  the  bud  from  which  the 
shoot  originated  and  interaction  terms  of 
position,  bud  length,  and  leader  growth  in 
each  of  the  two  preceding  seasons.   The 
most  useful  variable  in  the  equations  was 
bud  position.   Similar  analyses  of  the 
change  in  seedling  height  after  clipping 
showed  70  percent  of  its  variation  was  due 
to  bud  length,  bud  position,  and  leader 
growth  the  year  prior  to  clipping.   Here 
again,  bud  position  and  percent  of  stem 
removed  could  be  interchanged  without 
affecting  precision  of  the  equation. 


DISCUSSION 

This  study  demonstrates  that  the 
ability  of  sugar  maple  and  yellow  birch 
seedlings  to  recover  from  dormant  season 
damage  is  more  related  to  factors  that  de- 
termine growth  rate  than  to  the  gross  ex- 
tent of  damage.   This  helps  explain  the 


less  detailed  observations  of  others; 
Tubbs  (1969)  and  Godman  and  Krefting  (1960) 
found  yellow  birch  seedlings  damaged  by 
frost  often  grew  better  than  undamaged 
seedlings.   Jacobs  (1969)  found  growth  on 
repeatedly  browsed  sugar  maple  seedlings 
equalled  protected  seedling  growth. _ 

Several  factors  help  minimize  the  ef- 
fects of  leader  damage  on  growth  of  sugar 
maple  and  yellow  birch.   Lateral  buds, 
which  can  replace  a  damaged  or  lost  ter- 
minal bud,  are  well  distributed  along  the 
leader.   Their  growth  potential  is  deter- 
mined by  conditions  occurring  in  the 
growing  season  prior  to  damage  and  is  not 
seriously  altered  by  damage.   The  critical 
period  occurs  while  the  embryonic  shoot  is 
developing  in  the  bud  in  the  first  growing 
season.   However,  damage  does  alter  the 
competitive  position  of  the  buds. 

Species  having  preformed  shoots  within 
their  buds  illustrate  how  shoot  elongation 
potential  is  determined  during  bud  devel- 
opment.  Owston  (1969)  found  the  embryonic 
shoot  in  white  pine  possessed  primordia  for 
all  the  leaves  and  internodes.   Critchfield 
(1971)  suggests  that  elongation  of  preformed 
leaders  occurs  by  expansion  of  existing 
rather  than  by  formation  of  new  tissue  at 
the  time  of  elongation.   In  such  species, 
elongation  is  completed  early  in  the 
growing  season;  it  depends  on  stored  car- 
bohydrates produced  in  the  season  preceding 
elongation  (Olofinboba  and  Kozlowski  1973, 
Gordon  and  Larson  1970).   Little  (1970) 
indicates  hormone  synthesis  is  predeter- 
mined in  the  bud,  is  related  to  bud  size, 
and  regulates  the  flow  of  nutrients  to  the 
elongating  shoot  by  mediating  the  pro- 
duction of  auxin  during  elongation.   Leader 
elongation,  terminal  bud  length,  and  cli- 
mate during  bud  development  are  all  cor- 
related, whereas  the  two  growth  parameters 
are  not  as  well  correlated  to  climate 
during  shoot  elongation  (Kozlowski  1964, 
Helium  1967,  Clements  1970). 

These  previous  studies  involved  leader 
elongation  on  undisturbed  trees.   The  seed- 
lings' response  to  clipping  in  this  study 
suggests  that  the  development  of  a  replace- 
ment leader  is  also  influenced  by  events 
of  the  prior  season.   A  considerable  pro- 
portion of  the  variation  in  growth  was 
explained  by  seedling  characteristics  de- 
termined prior  to  damage.   This  was  espe- 
cially evident  in  sugar  maple,  which  has 
preformed  shoots  in  its  buds  (Critchfield 
1971)  and  rapid  early  shoot  elongation 
(Jacobs  1965). 


Kozlowski  and  Clausen  (1966)  reported 
that  yellow  birch  has  heterophyllous  shoots 
within  its  buds  that  elongate  throughout 
the  season;  thus  new  tissue  is  added  and 
currently  produced  photosynthates  are  used. 
Shoot  elongation  in  yellow  birch  also  is 
dependent  upon  factors  occurring  before 
damage  but  to  a  lesser  degree  than  in  sugar 
maple.   In  yellow  birch  this  dependence  may 
be  due  to  a  relation  of  bud  parameters  to 
the  level  of  development  of  the  embryonic 
shoot  and  its  two  large  embryonic  leaves. 
The  size  of  these  leaves  when  expanded 
appeared  related  to  bud  length  and  position. 
These  leaves  are  essential  to  the  survival 
and  elongation  of  the  shoots  (Kozlowski 
and  Clausen  1966) . 

Seedling  environments  in  this  study 
favored  vigorous  development.   Less  favor- 
able environments  would  likely  reduce  the 
seedlings'  ability  to  respond  to  damage. 
Sugar  maple  seedlings  having  short  leaders 
also  have  shorter  lateral  buds  in  relation 
to  the  terminal.   Thus  under  conditions 
unfavorable  to  growth,  the  seedlings  would 
have  fewer  and  less-developed  lateral  buds. 

Growth  characteristics  of  different 
plant  species  need  to  be  understood  before 
appraisals  of  damage  or  browse  and  timber 
production  are  accurate.   Even  the  moderate 
degrees  of  clipping  used  in  this  study 
showed  that  growth  response  depended  on  bud 
characteristics,  vigor,  size,  and  species 
of  the  tree.   Environmental  factors  such 
as  moisture,  light,  and  competition  are 
also  important  to  growth  and  influence  the 
analysis  of  seedling  injury. 
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